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S  I  R, 

TH  E  great  Importance  of  Navigation,  and  the 
Encouragement  given  for  determining  the 
Longitude  at  Sea,  have  engaged  the  Attention  of 
Mankind  for  many  Years  :  Though  Artifts  have  not 
arrived  at  the  Summit  of  their  Wiihes,  yet,  their 
Inventions,  Obfervations,  and  Improvements,  have 
brought  Navigation  to  a  Degree  of  Perfection  un¬ 
known  to  former  Ages. 

An  Attempt  to  comprife  in  a  fmall  Compafs  the 
Effentials  of  every  ufeful  Difcovery  and  Improvement 
hitherto  made,  and  to  render  them  eafy  and  practical, 
will,  I  hope,  merit  your  Approbation. 

The  favourable  Reception  my  former  Attempts 
have  met  with,  encouraged  me  to  publifh  this 
new  and  much  improved  Edition  of  my  Work* 
under  the  Patronage  of  a  Commander  fo  well  ac- 
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quainted  with  every  Part  of  Nautical  Knowledge,  and 
who  has  fo  fignally  diflinguifhed  himfelf  in  the  De¬ 
fence  of  his  Country ;  while  his  beneficent,  and 
generous  Difpofition,  render  him  dear  to  every 
Seaman. 

That  you  may  long  continue  to  be  an  Orna¬ 
ment  and  a  Defence  to  this  Nation,  is  a  Hope  fin- 
cerely  entertained  by 


Your  moft  obedient 


and  humble  Servant, 


JOHN  HAMILTON  MOORE. 
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IS  H  A  L  L  not  amufe  the  Reader  with  any  pompous 
Eulogium  on  the  Merits  of  this  Performance,  or  en¬ 
deavour,  as  is  cuftomary,  to  anticipate  the  public 
Favour  by  a  recital  of  Excellencies,  which  in  the  Opinion 
of  fome  may  be  of  a  difputable  Nature  ;  Thus  much  I  may 
venture  to  fay,  that  the  adding  one  to  the  Number  of 
Treatifes  already  extant  will  not  appear  fuperfluous,  when 
we  confider  the  Importance  of  the  Subject,  and  the  many 
recent  Difcoveries  and  Improvements  made  in  this  va¬ 
luable  Art,  which  render  many  of  the  former  Treatifes  in 
a  Manner  obfolete.  It  muft  therefore  be  judged  a bfolu re¬ 
ly  neceffary  to  inftrudl  the  induftrious  Mariner  in  thofe  in- 
terefting  Particulars  fo  conducive  to  his  Advantage. 
On  this  Principle  the  following  Publication  makes  its  Ap¬ 
pearance,  containing  in  a  fmall  Compafs  the  Ellen  rials  of 
every  Thing  hitherto  compofed  upon  the  Subjedt,  laid 
down  in  fuch  a  Manner  as  to  render  it  not  only  a  complete 
Companion  for  Seamen,  but  alfo  a  fhort  and  comprehen- 
five  Method  for  thofe  whofe  Province  it  is  to  inftruift 
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others ;  for  want  of  fuch,  Teachers  have  been  often 
obliged  to  take  Part  from  one  Book,  and  Part  from  an¬ 
other. 

It  mud  be  allowed  that  many  Books  already  publifhed 
upon  Navigation  have  their  particular  Merits ;  but  fome 
of  them  are  fo  voluminous,  that  they  either  bewilder,  or 
are  beyond  the  Capacity  of  the  greater  Number  of  Learn¬ 
ers,  and  mod  of  them  unfit  for  general  Ufe  at  Sea. 
Others,  on  the  contrary,  are  fo  concife,  efpecially  in  the 
practical  Parr,  as  to  deprive  them  of  that  Knowledge 
which  is  abfolutely  requifite  in  keeping  a  Ship’s  Way. 
My  Care  therefore  has  been  to  avoid  an  unnecedary 
Prolixity,  and  an  a’bdrufe  Brevity  ;  and  to  lead  the  Pupil 
gradually  on,  without  Embarrafiment  or  Perplexity. 
How  far  it  will  anlwer  the  End  intended,  will  in  fome 
Meafure  be  obvious  to  any  judicious  Mariner,  by  taking 
a  fhort  View  of  the  Plan  purfued. 

In  the  geometrical  Parts  are  only  given  thofe  Problems 
which  are  abfolutely  neceffary  in  the  Art,  in  the  mod  fa¬ 
miliar  Manner. 

Trigonometry,  being  the  Foundation  of  Plane  and 
Mercator’s  Sailing,  is  treated  of  at  fufficient  Length;  in 
which  is  fhewn  how  to  lay  down  the  feveral  Lines  upon 
the  Plane  Scale,  and  its  Ufe,  with  that  of  Gunter’s  Scale 
and  the  Logarithms. — The  Axioms  are  here  rendered 
very  plain  ;  and  though  they  are  generally  received  as 
known  Truths,  yet  their  Demondrations  are  fet  down  at 
the  Bottom  of  the  Page  by  way  of  Notes ;  and  all  the 
Cafes  in  Right-angled  Trigonometry  worked  by  making 
each  Side  Radius  and  Gunter’s  Scale. 
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As  an  Introduction  to  Navigation,  it  was  thought  proper 
to  give  a  ftiort  Defcription  of  the  Solar  Syftem,  wherein 
the  Earth  is  confidered  as  a  Planet  moving  round  the  Sun, 
the  real  and  imaginary  Lines  on  which  are  particularly  de¬ 
fined. 

Then  follows  Plane  Sailing,  wherein  the  Earth  is  fup- 
pofed  an  extended  Plane,  and  the  feveral  Cafes  are  worked 
by  Geometry,  Trigonometry,  Gunter’s  Scale,  and  Infpec- 
tion,  that  the  Learner  may  be  able  to  prove  his  Work  feve¬ 
ral  Ways ;  and  for  his  Exercife  therein,  are  added  fix 
Queftions,  and  two  in  Traverfe  Sailing.  Plane  Sailing 
being  founded  upon  the  falfe  Notion  of  the  Earth’s 
being  a  Plane,  is  therefore  infufficient  for  afcertaining  the 
Ship’s  true  Place  ;  hence  arifes  the  Neceflity  of  working 
by  Middle  Latitude,  or  Mercator’s  Sailing,  they  being 
founded  upon  the  true  Notion  of  the  Earth’s  being  a 
Sphere  or  Globe  •,  by  which  means  the  Ship’s  Place  is  de¬ 
termined  with  Eafe  and  Accuracy  ;  in  which  is  comprifed 
the  Conftrudion  and  Ufe  of  Mercator’s  Chart. 

The  Application  of  Oblique-angled  Trigonometry  to 
the  Solution  of  the  feveral  Cafes  of  Oblique  and  Current 
Sailing,  is  treated  in  as  concife  and  intelligent  a  Manner  as 
pofiible. 

The  Application  of  what  has  been  already  treated  of,  to 
the  grand  Purpofe  of  keeping  a  Ship’s  Reckoning, 
comes  next  to  be  explained ;  preparatory  to  which  it  was 
thought  proper  to  begin  with  a  fhort  Difiertation  upon 
Winds  and  Tides,  and  to  find  the  Time  of  the  Moon’s 
Age,  and  Time  of  High  Water,  which  is  here  done  by  a 
Method  more  accurate  than  is  generally  to  be  met  with. 
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The  Ufe  of  Hadley’s  Quadrant  comes  next,  and  how  to 
find  the  Latitude  by  the  meridian  Altitude  of  the  Sun  or 
Star,  and  the  Variation  of  the  Compafs  by  an  Amplitude, 
Azimuth,  and  equal  Altitudes  of  the  Sun,  rendered  plain 
to  any  common  Capacity;  and  then  a  Defcription  of  the 
Log  and  Log-line,  and  how  to  corredt  the  Diftance  given 
by  them  when  faulty. 

The  Pupil  is  next  led  into  the  Rules  for  keeping  a 
Journal  at  Sea  •,  wherein  are  exhibited  the  Method  of  al¬ 
lowing  for  Variation,  Lee-way,  Heave  of  the  Sea,  Setting 
of  the  Current,  &c.  and  to  correct  the  Dead  Reckoning  by 
an  Obfervation  in  all  Cafes,  not  only  for  the  Ship’s  Run  in 
one  Day,  but  many  ;  and  being  duly  attended  to,  may  be 
the  Means  of  preventing  the  fatal  Accidents  which  fo  fre¬ 
quently  befal  thofe  Seamen  who  depend  fo  much  upon 
their  own  Self-fufficiency.  For  it  muft  be  allowed,  that 
any  Obfervation  or  Correction  made  to  help  the  Judgment, 
muft  be  preferable  to  a  Guefs,  which  but  too  many  of 
them  depend  upon,  though  the  Lives  and  Fortunes  of  fo 
many  are  committed  to  their  Charge. 

It  was  thought  proper  firft  to  (hew  how  to  work  feveral 
Day’s  Work,  independent  of  each  other,  and  then  a  regular 
Journal  from  London  to  Madeira,  and  back  again  to  Eng¬ 
land  •,  wherein  are  exemplified  the  foregoing  Rules  for  Va¬ 
riation,  Lying-to,  Lee-way,  &c.  with  moft  of  the  Occur¬ 
rences  that  commonly  happen  at  Sea,  or  in  Harbour,  and 
the  Ship’s  Way  pricked  off  on  Mercator’s  Chart. 

The  keeping  a  Sea  Journal  being  fully  treated  of,  as  be¬ 
ing  neceflary  for  rendering  the  young  Navigator  expert, 
which  a  Number  of  dry  Problems  could  never  do, 
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is  then  given  the  Subftance  of  that  Examination  which 
every  Candidate  for  a  Commifficn,  either  in  the  Navy  or 
Eaft  India  Service,  muft  neceffarily  pafs  through,  previous 
to  his  Appointment,  refpedting  the  Management  of  a  Ship, 
from  her  firft  coming  out  of  Dock  to  her  clearing  the 
Land;  containing  the  Methods  of  mooring,  unmooring, 
and  working  a  Ship  in  all  difficult  Cafes,  either  in  a 
Storm,  on  a  Lee-Ihore,  or  going  in  or  out  of  Harbour. 
Thefe  InftruCtions  being  duly  attended  to,  when  at  Sea, 
will  be  the  Means  of  improving  a  Youth  more  in  one  Voy¬ 
age  than  he  otherwife  would  in  two.  To  thefe  are  added 
Directions  for  failing  up  the  Engliffi  Channel,  (hewing  the 
Dangers,  and  the  bed  Marks  to  avoid  them. 

The  next  Thing  judged  neceffary  is  thefurveying  of  Sea 
Coafts  and  Harbours,  either  by  failing  along  them,  or  by 
Obfervations  made  on  Shore  ;  and  how  to  meafure  accedi- 
ble  and  inacceffible  Pleights  and  Diftances,  which  are  here 
laid  down  in  a  plain  Manner,  with  an  Explanation  of  tiie 
Sea  Terms. 

The  foregoing  Articles  being  well  underftood,  might  be 
thought  fufficient  to  complete  the  Navigator;  but  fince 
there  have  been  lately  found  Methods  of  afcertaining  the 
Ship’s  Place  by  celeftial  Obfervation,  when  the  meridian 
Altitude  of  the  Sun  or  Star  cannot  be  obtained  ;  it  there¬ 
fore  behoves  every  Sea-man  to  make  himfelf  acquainted 
with  fo  ufeful  a  Difcovery. 

The  firft  is  the  finding  the  Latitude,  by  taking  two  Al¬ 
titudes  of  the  Sun  when  near  the  Meridian;  in  performing 
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they  have  been  further  examined  and  compared  with  fe- 
veral  different  Copies  of  the  fame  Kind,  by  which  Means 
many  Errors  in  the  Tables  of  Difference  of  Latitude  and 
Departure  have  been  corrected  with  fuch  Care,  that  they 
may  be  depended  on,  and  the  other  Tables  are  as  correct 
as  any  extant. 

In  the  Execution  of  this  Work  Care  has  been  taken  to 
keep  in  View  not  only  the  Mariner  at  Sea,  but  alfo  the 
Teacher  in  his  School;  and  the  belt  nautical  Writers  as 
well  as  the  Obfervations  and  Remarks  of  fcveral  able  Ma¬ 
riners  have  been  confuited.  Tnefeveral  Parts  of  this  Work 
have  been  handled  more  or  lefs  fully  according  to  their 
apparent  practical  Importance  ;  and  it  is  hoped  nothing  is 
omitted  that  is  material  either  to  Teacher  or  actual 
Practitioner. 

Long  and  tedious  Demonflrations  have  been  carefully 
avoided,  as  being  of  little  Ufe  in  the  Practice  of  Navigation, 
and  inconfiftent  with  the  Plan  ;  but  thofe  who  are  curious 
may  find  them  in  Robertfon,  and  fome  other  Books  which 
abound  with  them. 

Notwithflanding  the  favourable  Reception  my  firft  At¬ 
tempt  met  with  from  the  Public,  I  have  been  induced  to 
revile  the  whole,  and  to  comprife  in  the  Defcriptive  Part 
more  than  double  the  Quantity  contained  in  the  firft 
Edition,  and  make  fuch  other  Alterations,  Amendments 
and  Additions  as  render  this  almoft  an  entire  new 
Work. 
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Having  thus  given  fome  Account  of  the  Plan  which 
is  intended  to  facilitate  the  Improvement  of  Youth  in 
nautical  Knowledge,  and  be  an  ufefui  Companion  for 
Seamen  •,  how  far  I  have  fucceeded  in  the  Attempt  is 
left  to  the  candid  Judgment  of  the  Public  to  de¬ 
termine. 
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PRACTICAL  NAVIGATOR, 


AND 


SEAMAN’S  new  daily  assistant. 


GEOMETRY. 

DEFINITIONS. 

GEOMETRY  is  that  Science  by  which  we  compare 
fuch  Quantities  together  as  have  Extenfion,  i.  e.  Lines, 
Superficies,  and  Solids,  whole  Original  is  from  a  Point. 

I. 

A  Point  hath  no  Parts  ;  that  is,  a  Geometrical  Point  is 
not  any  Quantity,  but  only  an  affignable  Place  in  any  A  . 
Quantity  denoted  by  a  Point,  as  at  A. 

*  Such  a  Place  may  be  conceived  fo  infinitely  fmall,  as  to  be  void 
*  of  Length,  Breadth,  and  Thicknefs  ;  and  therefore  a  Point  may 

‘rfbe-faid  to  have  no  Parts.’ 

*•? 

IL 

A  Right  Line  is  the  nearefi:  Diftance  between  two  ^ _ ^ 

Points,  which  limit  its  Length,  as  A  B. 

m. 

Circular  Lines  arethofe  which  lie  bending  between  Two  Points. 

IV.  > 

Parallel  Lines  are  thofe  that  are  equally  diftant  in  all 
their  Parts,  which  being  infinitely  extended,  will 
never  meet. 

A 

/’  'Atr 
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V. 

Lines  not  parallel,  but  inclining  towards  each 
other,  whether  they  are  right  Lines  or  circular, 
will,  if  they  are  extended,  meet,  and  make  an  A 
Angle  ;  the  Point  where  they  meet  is  called 
the  Angular  Point,  as  at  A  ;  and,  according  as 
fuch  Lines  (land  nearer  or  farther  off  each 
other,  the  Angle  is  Lid  to  be  greater  or  lefs, 
whether  the  Lines  that  include  the  Angle  be  long  or  (hort. 

All  Angles  included  between  Right  Lines,  are  called  Right-lined 
Angles,  and  fall  under  thefe  three  Denominations ;  viz.  A  Plight 
Angle,  an  Obtufe  Angle,  and  an  Acute  Angle. 


VI. 

D 

A  Right  Angle  is  that  which  is  included  between 
two  Lines  that  meet  each  other  perpendicularly,  as 
D  C  meets  A  B. 

C 

A  B 


VII. 

An  Obtufe  Angle  is  that  which  is 
greater  that  a  Right  Angle,  fuch  as 
the  Angle  included  between  the  Lines 
A  C  and  C  B. 


VIII. 

An  Acute  Angle  is  that  which  is  lefs  than 
a  Plight  Angle,  fuch  as  the  Angle  included 
between  the  Lines  C  B  and  C  D  ;  thefe 
Angles  are  called  Oblique  Angles. 


IX. 

A  Circle  is  a  perfect  round  Figure ;  the 
Point  C,  in  the  Middle,  is  the  Centre,  and 
is  bounded  by  a  round  Line,  -  called  its  Cir¬ 
cumference,  or  Periphery. 

A  Right  Line,  drawn  from  the  Centre  to 
the  Circumference,  is  called  the  Radius ;  or 
it  is  the  Diftance  taken  in  the  Compaffes  to 
defcribe  a  Circle,  as  A  C. 


(  Note. 
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<  Note.  The  Radius,  generally  ufed  in  defcribing  Circles,  is 
«  6o°  (taken  from  the  Line  of  Chords) ;  the  Circumference  of 

*  which  will  contain  360°,  the  number  of  equal  Parts  or  Degrees 
‘  that  all  Circles  are  fuppofed  to  be  divided  into  and  each  of  thefe 

*  Degrees  are  divided  into.  60  equal  Parts,  called  Minutes,  &c. 

‘  All  Angles  are  meafured  by  an  Arch  of  this  Circle,  defcribed 
‘  upon  the  Angular  Point  as  a  Centre,  with  the  Chord  of  6o°,  as 

*  above,  and  the  Angle  is  faid  to  be  greater  or  lefs,  according  to  the 

*  Number  of  Degrees  contained  between  the  Legs ;  but  the  Sides 
‘  or  Legs  are  meafured  by  a  Scale  of  equal  Parts. 

The  Diameter  is  twice  its  Radius,  joined  into  one  Right  Line 
drawn  through  the  Centre,  which  divides  the  Circle  into  two  equal 
Parts  called  Semi-circles. 

A  Quadrant  is  Plalf  a  Semi-circle. 

A  Chord  Line  is  a  Right  Line  that  cuts  the  Circle  into  two  unequal 
Parts  called  Segments. 

A  Seflor  is  a  Figure  included  between  two  Radius’s,  and  is  lefs 
than  a  Quadrant. 

All  Plain  Triangles  are  Figures  comprehended  under  three  Right 
Lines,  and  are  diftinguifhed  into  three  Sorts  ;  viz.  A  Right-angled 
Triangle,  an  Obtufe-angled  Triangle,  and  an  Acute-angled  Triangle. 


X. 

A  Right-angled  Triangle  is  that  which 
hath  one  of  its  Legs  perpendicular  to  the 
other,  and  is  equal  to  a  Quadrant  or  90°, 
as  B  A  C  ;  the  longeft  fide  of  which  is  called 
the  Hypot'nenufe,  as  B  C,  and  the  other  two 
Sides  are  called  Legs. 

« 

XL 

An  Obtufe-angled  Triangle  is  that  which 
hath  one  of  its  Angles  greater  than  a  Right 
Angle,  as  D  E  F. 


XII. 

An  Acute-angled  Triangle  is  that  which 
hath  all  its  Angles  lefs  than  a  Plight  Angle, 
asGHI. 
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XIII. 

The  Three  Angles  of  every  Triangle  are  equal  to  a  Semi-circle, 
or  i8o°:  the  two  Acute  Angles  of  every  Right-angled  Triangle 
are  equal  to  90°. 


xrv. 


Sides  or  Angles  given,  are  marked  with  a  Dafh  •,  but,  when  re¬ 
quired,  with  a  Cypher. 


XV. 


Degrees  are  always  marked  with  a  Cypher  over  them,  and  Minutes, 
with  a  Dahi. 


XVL 

Three  Letters  denote  an  Angle;  the  Middle  one  (hews  the  An¬ 
gular  Point,  and  the  other  two  the  Sides  that  inclofe  it. 


♦ 


a 

m 


Z. 

+ 

X 


XVII. 

|  after  any  Number  fignihes  j  Mmut’'  I  thus  |  ^  d 

25  a  is  25  Degrees,  and  25  m  is  25  Minutes. 
s*  An  Angle 
j  More 

i  Multiplication 
;  Eq  ual  to 
'  Divifion 
£,*  !  Lefs 


A 

s. 

s.  c. 

T. 

T.  C. 

Sec.  | 
Sec.  C.  ! 
Co.  Ar.  j 


Triangle 


(lands  for 


Sine 


.  Sine  Complement  or  Co-Sine 
Tangent 

Tangent  Complement  or  Co-Tange  nr 
Secant 


Secant  Complement  or  Co-Secant 
Complement  Arithmetic 
is  to,  or  to  the 
'  fo  is,  as  thus,  2  .  .  4  : :  3  . .  6. 


.  nat  l',  as  2  vs  to  4,  to  is 


to  (j. 


G  E  O  M  E- 


' v  B 

*»  *■ J 
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GEOMETRICAL  PROBLEMS. 


PROBLEM  I. 

To  draw  a  Line  parallel  to  a  given  Line  A  B,  at  any  given  Dijlance  as  C. 


TAKE  (with  a  Pair  of  Compafies)  the  jp _ c 

neareft  Diftance  between  the  given 
Point  C  and  the  Line  A  B.  ^  ~ TT 

With  that  Diftance,  and  one  Foot  of  the  Compafies,  any  where 
in  the  Line  A  B,  draw  (on  that  Side  where  the  Point  C  lieth)  the 
Arch  D,  from  the  Point  C  draw  a  Line  to  touch  the  Arch  D,  and 
it  is  done;  for  the  Line  CD  is  parallel  to  the  Line  AB,  as  was 
required. 

PROBLEM  II. 

To  life  it  or  divide  a  given  Line  into  two  equal  Parts. 


With  any  Diftance  (greater  than 
Half  the  given  Line  A  B),  and  one 
Foot  of  the  Compafies  on  A,  deferibe 
the  Arch  C  D ;  with  the  fame  Dif- 
tamce  and  one  Foot  on  B,  crofs  the 
former  Arch  in  C  and  D  ;  bv  C  and 
D  draw  a  Line,  and  that  will  cut  AB 
in  E  the  Middle,-  as  was  required. 


’’  |*  \  W 


\ 


'  -A-v 


*  '.Vi/  '• 

>4  ,'A 

••  v„ 

PROBLEM  III. 

♦  * 

To  ere  it  a  Perpendicular  on  the  End  of  a  given  Line  as  A  G. 

With  any  Diftance,  as  from  A  to  C  in  p} 
your  Compafies,  and  one  Foot  in  C  tie-  "■*' 
icribe- a  Circle,  fo  that  it  may  juft  touch 
the  End  of  the  given  Line  in  A  ;  from  i  \  C 
where  that  cuts  the  Line  at  G,  and  through 
C  draw  a  Line  to  cut  the  Circle  in  B,  from 
B  draw  the  Line  A  B,  which  will  be  the 
Perpendicular  required. 


-s- 


. G 


Or 
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Or,  with  any  convenient  diftance  in  your  ...  |C 
Compares  defcribe  an  Arch,  as  F  B,  fet  off 
the  fame  diftance  from  B  to  E,  with  one 
Foot  in  E  defcribe  an  Arch,  and  with  the  E,  ' 
fame  Diftance,  and  one  Foot  in  F,  defcribe  / 
an  Arch  to  cut  the  former  Arch  in  C,  from 
C  to  A  draw  a  Line,  and  it  is  done. 


E 


L  B 


PROBLEM  IV. 


From  a  Point  as  at  C,  to  let  fall  a  Perpendicular  on  the  Line  A  B. 


With  one  Foot  in  C  defcribe  an  Arch  to  cut 
the  given  Line  in  A  B,  with  one  Foot  in  B  de¬ 
fcribe  an  Arch  ;  and  with  the  fame  Radius,  and 
one  Foot  in  A,  defcribe  an  Arch  to  cut  the  for¬ 
mer  in  D,  from  D  to  C  draw  a  Line,  and  it  is 
done  ;  for  C  e  is  Perpendicular  to  A  B,  as  was 
required. 


e 


\|> 

/  ri 


PROBLEM  V. 

To  make  Plane- Angles. 

At  A  in  the  Line  A  B,  to  make  a  Right  C> 
Angle,  erect  the  Perpendicular  A  C, 
and  it  is  done  ;  for  the  Angle  B  A  C  is 
a  Right  Angle  containing  go  Degrees. 

A 


B 


7c  make  an  Angle  equal  to  any  Number  of  Degrees. 

Draw  the  Line  A  B,  and  take  always  a  Chord 
of  6o°  from  the  Scale  in  your  Compafles,  and 
with  one  Foot  in  A  defcribe  the  Arch  D  E  to 
cut  the  Line  A  B  in  D  ;  taLe  any  Number  of 
Degrees,  fuppefe  420  30'  from  the  Line  of 
Chords,  and  lav  it  upon  the  Arch  from  D  to 
E  ;  bv  A  and  E  draw  the  Line  A  E  C,  and  it  is  done  ;  for  the 
Angie  B  A  C  is  an  Acute  Angle  containing  420  30'. 

To 
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To  make  an  Obtufe  Angle  equal  to  1020  2 o'. 

Draw  the  Line  B  C,  and  upon  B  defcribe  an 
Arch  as  before,  with  a  Chord  of  6o°,  to  cut  B  C 
in  E,  on  that  Arch  fet  off  E  G  equal  to  90°, 
from  G  fet  off  120  20/  towards  F  :  by  B  and  F 
draw  the  Line  B  F  D  and  it  is  done  ;  for  the 
Angle  C  B  D  is  an  Obtufe  Angle  containing 
102°  20',  as  was  required. 


In  like  manner  an  Angle  may  be  made,  which  lhall  contain  any 
Number  of  Degrees  required. 

PROBLEM  VI. 

The  Angles  and  Hypothenufe  of  a  Right-angled  Triangle  given  to  find 

either  of  the  Legs. 

Given  the  Hypothenufe  121  Leagues,  the  Angle  oppofite  to  the 
Bafe  540  30',  and  confequently  the  other  Angle  350  30'  ;  the  Bafc 
and  Perpendicular  are  required. 

Draw  the  Line  C  B,  and  at 
C  make  an  Angle  equal  to  35 0 
30',  by  drawing  the  Line  C  A, 
take  1 21  Leagues  inyourCom- 
paffes  (from  any  convenient 
Scale  of  equal  Parts)  and  fet 
that 1  off  from  C  to  A,  from  A 
let  fall  the  Perpendicular  A  B, 
to  cut  the  Line  C  B,  and  it  is 
done  ;  for  A  B  being  meafured 
on  the  fame  fcale,  will  be  70.25 
Leagues,  and  C  B  98. 5,  as  was  required. 

PROBLEM  VII. 

The  Angles  and  one  Leg  of  a  Right-angled  Triangle  being  given  to 
find  the  Hypothenufe  and  other  Leg. 

The  Angle  A  C  B  330  15',  the  Leg  B  C  274  Miles,  given  to  find 
the  Hypothenufe,  and  the  other  Leg  A  B. 


D 


Draw 
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Draw  the  Bafe  B  C  equal  to 
274,  upon  B  ere£t  the  Perpendi¬ 
cular  B  A ;  from  C  draw  the 
Line  C  A,  making  an  Angle 
with  B  C  of  330  15'  to  cut  the 
Line  B  A  in  A,  and  it  is  done  ; 
for  A  C  being  meafured  on  the 
fame  Scale  that  B  C  was,  will  be 
327.6  Miles,  and  BA  179.6 
Miles,  as  was  required. 


PROBLEM  VIII. 

The  Hypothenufe  and  one  Leg  given  to  find  the  Angles  and  other  Leg . 


The  Leg  A  B  69,  the  Hypothenufe  150,  given  to  find  the  Angles 
and  Leg  B  C. 

Draw  the  Bafe  B  C,  upon 
B  eredt  the  Perpendicular  B 
A,  upon  which  fet  off  69, 
take  1 50  in  your  Compaffes, 
and  -with  one  Foot  on  A,  lay 
the  other  on  the  Bafe,  as  at 
C,  from  C  to  A  draw  a  Line, 
and  it  is  done  ;  for  the  Angle 
B  C  A  being  meafured  by  a 
Chord  of  6o°  will  be  270  23',  which  being  fubtraefed  from  go0  leaves 
the  Angle  A  62°  37',  and  the  Leg  BC  133,  as  was  required. 


PROBLEM  IX. 

The  Legs  given  to  find  the  Angles  and  Hypothenufe. 

The  Leg  A  B  980,  B  C  690,  given  to  find  the  Angle  B  A  C  or 
A  C  B,  and  the  Hypothenufe  A  C. 


Draw 
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Draw  the  Bafe  BC,  on  B  ere£l 
the  Perpendicular  A  B,  make  B  C 
equal  to  690,  and  B  A  980;  from  A 
to  C  draw  a  Line,  and  it  is  done  ;  for 
the  Angle  being  meafured,as  before, 
will  be  found  as  in  the  Figure,  and 
the  Hypothenufe  1198,  as  was  re¬ 
quired. 


PROBLEM  X. 


Two  Angles  and  one  Side  of  an  Oblique-angled  Triangle  given ,  to  find 

either  of  the  other  Legs. 

The  Angle  BDC  ioi°  25',  and  CBD  440  42',  and  the  Leg 
B  C  76  given  to  find  the  Sides  C  D  and  B  D. 

Draw  the  Line  B  C  equal  to  76, 
on  B  defcribe  an  Arch,  and  make 
the  Angle  CBD  440  42'',  add  the 
Angles  B  and  D  together,  that 
Sum  fubtratlxd  from  1 8o°  (the 
Sum  of  the  Three  Angles  of  every  -  .  "0  !  : 

Triangle)  leaves  the  Angle  C  330  53' ;  upon  C  defcribe  an  Arch, 
and  make  the  Angle  BCD  equal  to  330  53'  by  drawing  C  D,  and 
it  is  done  ;  for  the  Side  B  D  will  be  43.2,  and  D  C  54.5,  which 
was  required. 

PROBLEM  XI. 

Two  Sides ,  and  an  Angle  oppofite  to  one  of  them ,  given,  to  find  the 
other  oppofite  Angle ,  and  the  third  Side. 

The  Side  B  C  ic6,  B  D  65  Miles,  and  the  Angle  C  31°  49', 
given  to  find  the  Angle  D  and  Side  C  D. 

Draw  the  Line  B  C  equal  to  106,  at 
C  make  an  Angle  of  310  49'  by  drawing 
C  D,  take  65  in  your  Compaffes,  and 
with  one  Foot  in  B,  lay  the  other  upon 


the  Line  C  D,  inD  j  draw  the  Line  BD,'J 

B 


7 o<P 


and 
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and  it  is  done  ;  for  the  Angle  D  will  be  120°  43',  the  Angle  B  270 
28  ,  and  the  Side  D  C  56.9.  as  was  required. 

PROBLEM  XII. 

Tivo  Sides  and  their  contained  Angle  given,  to  find  either  of  the  other 
Angles ,  and  the  third  Side. 

.  ®  ^  'c9»  B  D  76  Leagues,  and  Angle  C  B  D  ioi°  30', 

given  to  find  the  Angle  BDC,  orBCD,  and  Side  CD. 

Draw  the  Line  B  C  109,  and 
B  D,  fo  as  to  make  an  Angle 
with  B  C  of  ioi°  30',  which  make 
equal  to  76;  join  B  C  with  a 
Right  Line,  and  it  is  done  ;  for 
the  Angle  D,  being  meafured  by 
the  Chord  of  6o°  will  be  470  32', 

Angle  C  300  58',  and  the  Side 
D  C  144.8,  as  as  required. 


PROBLEM  XIII. 

The  Toree  Sides  given  to  find  the  Angles . 

theA^fcB  D C.'bC  D,m*C  B ‘d  C  D  5°  Mlles>«ivc"  “  ^ 
Draw  the  Line  B  C  equal  to  105,  D 

take  C  D  50  in  your  Compafles,  and 
with  one  Foot  in  C  defcribe  an  Arch 
as  at  D,  then  take  B  D  85  in  your 
Compafles,  and  with  one  Foot  in  B 
cut  the  former  Arch  in  D,  join  B  D 
and  D  C,  and  it  is  done ;  for  the 
Angle  B,  being  meafured,  will  be  found  28°  4',  Angle  C  530  7', 
which  being  added  together,  is  81°  1 T,  their  Sum,  fubftracied  from 
180,  leaves  Angle  D  98°  49',  as  was  required. 


/  : 

/ 
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PLANE  TRIGONOMETRY: 


OR,  THE 

DOCTRINE  of  PLANE  TRIANGLES, 

>  _  •  / 

TEACHES  the  Menfuration  of  Triangles,  by  comparing 
the  Sides  and  Angles  together  by  known  Analogies  ;  where¬ 
by  Three  Things  being  given,  a  Fourth  maybe  found  on  Condition 
that  one  of  them  be  a  Side  ;  in  which,  Right  Lines  are  applied  to 
the  Arches  of  a  Circle,  that  the  Proportion  they  bear  to  the  Sides  of 
a  Plane  Triangle,  may  be  found. 

The  Right  Lines  applied  to  a  Circle  are  Chords,  Sines,  Tangents, 
and  Secants. 


I. 

A  Chord,  or  Subftance  of  an  Arch,  is  a  Right  Line  that  divides  a 
Circle  into  two  unequal 
Parts,  and  is  a  Chord 
to  them  both,  as  A  S, 
and  P  S. 

II. 

A  Right  Sine  of  an 
Arch,  is  a  Line  drawn 
from  one  End  or  Ter¬ 
mination  of  an  Arch 
perpendicular  to  the 
Radius  ;  or  it  is  Half 
the  Chord  of  twice  the 
Arch  :  So  that  R  S  is 
the  Sine  of  the  Arch 
S  A  and  of  the  Arch 
S  D,  the  Sum  of  which 
Arches  make  180°,  01 
a  Semicircle. 

III. 

The  verfed  Sine  is 
that  Part  of  the  Dia¬ 
meter  contained  be¬ 
tween  the  Right  Sine  E 

and  the  Arch  ;  wherefore  R  A  is  the  verfed  Sine  of  the  Arch  S  A, 
and  R  D,  the  verfed  Sine  of  the  Arch  S  D. 

IV. 

The  Tangent  of  an  Arch,  is  a  Right  Line  drawn  perpendicularly 
from  one  End  of  the  Diameter,  as  A  T. 

B  a 
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V. 

The  Secant  of  an  Arch  is  a  Right  Line  drawn  from  the  Centre 
through  the  Circumference,  by  which  the  Tangent  is  terminated  ; 
wherefore  C  T  is  the  Secant  of  the  Arches  S  A  and  S  D. 

VI. 

The  Sine  Tangent,  &c.  of  the  Complement  of  any  Arch  is  called 
the  Co-Sine,  Co-Tangent,  &c.  of  the  Arch :  Thus  H  S  is  the 
Co-Sine  and  B  G  the  Co-Tangent  of  the  Arch  A  S. 

Note,  Sines,  Tangents,  and  Secants,  are  faid  to  be  fo-many 
Degrees  as  the  Arch  contains  Parts  of  36c  Degrees  ;  fo  that  the  Ra¬ 
dius,  being  the  Sine  of  a  Quadrant  or  a  Fourth  Part  of  the  Circum¬ 
ference,  contains  90  Degrees  :  So  that  the  Radius  is  always  equai  to 
the  Sme  cf  90  Degrees. 

From  thefe  Definitions  it  follows  that  the  Chord  of  any  Arch, 
and  its  Supplement  to  a  Circle,  is  reprefenteu  by  the  fame  Line  : 
wherefore  if  the  Chord  of  an  Arch  iefs  than  a  Semicircle  be  given, 
the  Chord  of  an  Arch  as  much  above  a  Semicircle  as  the  other  is 
deficient,  is  alfo  given.  From  Definitions  2d,  4th,  and  5th,  it  fol¬ 
lows,  that  any  Arch  and  its  Complement  to  a  Semicircle  have  one 
Bight  Sine,  Tangent,  and  Secant,  common  to  them  both.  "Where¬ 
fore  the  Right  Sine  Tangent,  and  Secant  of  an  Arch  lefs  than  a 
Quadrant,  is  the  fame  with  the  Right  Sine,  Tangent,  and  Secant  of 
an  Arch  as  much  exceeding  a  Quadrant  as  the  former  is  defective ; 
and  from  Definition  the  3d  it  follows  that  the  verfed  Sine  of  an 
Arch  greater  than  a  Quadrant,  is  greater  than  the  Radius:  but  the 
verfed  Sine  of  an  Arch  lefs  than  a  Quadrant,  is  iefs  than  the 
Radius  ;  and  that  the  Sum  and  Difference  of  the  Radius  and  Co- 
Sine  of  any  Arch,  {hall  be  the  verfed  Sine  of  that  Arch  and  its  Sup¬ 
plement  to  a  Semi-circle  ;  for  D  C  +  CR  =  DR  the  verfed  Sine  of 
the  Arch  D  S  ;  and  A  C  — CR,  is  the  verfed  Sine  of  the  Arch  A  S. 

By  comparing  the  fimilar  Triangles  CR  S,  and  C  B  G,  it  appears, 
that  the  Co-Sine  of  an  Arch  is  to  the  Right  Sine,  as  the  Radius  is 
to  the  Tangent  of  the  fame  Arch,  and  the  Contrary;  for  CR: 
R  S  : :  AC:  C  T. 

And,  that  the  Cofine  of  an  Arch,  is  to  the  Radius,  as  the  Radius 
is  to  the  Secant  of  the  fame  Arch,  and  the  Contrary ;  for  R  C  : 
SC::  AC:  C  T. 

Hence  the  Radius  is  a  mean  Proportional  between  the  Co-Sine  and 
the  Secant  of  the  fame  Arch  ;  -wherefore,  the  Co-Sines  and  Secants 
of  Arches  are  reciprocally  proportional. 

That  the  Right  Sine  of  an  Arch,  is  to  the  Radius,  as  the  Tangent 
of  the  fame  Arch,  is  to  its  Secant,  and  the  contrary ;  for  R  S  :  S  C  :: 
A  T  :  T  C. 

And  the  Tangent  of  an  Arch,  is  to  the  Radius,  as  the  Radius  is  to 

the 
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the  Co-Tangent  of  the  fame  Arch,  and  the  Contrary ;  for  T  A  : 
A  C  : :  C  B  :  B  G. 

Hence  the  Radius  is  a  mean  Proportional  between  the  Tangent 
and  Co-Tangent  of  an  Arch  ;  wherefore  the  Tangent  of  Arches  and 
their  Co-Tangents  are  reciprocally  proportional. 

That  the  Tangent  of  an  Arch  is  to  the  Secant  of  the  fame  Arch 
as  the  Radius  is  to  the  Secant  of  its  Complement,  and  the  contrary  ; 
for,  A  T  :  T  C  :  :  C  B  :  C  G. 

The  Chords,  Sines,  Tangents,  and  Secants,  or  verfed  Sines  of  fimi- 
lar  Arches,  are  in  Proportion  to  each  other,  as  the  Radii  of  thofe 
Circles. 

By  viewing  the  Figure  it  will  appear,  that  if  the  longeft  Side  of 
the  Triangle  CRS  be  made  the  Radius  of  a  Circle,  the  other  Sides 
will  be  Sines  of  the  Angles  oppof  te  to  them  ;  but  if  one  of  the  Sides 
containing  the  Right  Angle  be  made  Radius,  the  other  will  be  the 
Tangent  of  the  Angle  opposite  to  it,  and  the  Hypotheneufe,  or  longeft 
Side,  the  Secant  of  the  lame  Angle. 

Having  explained  the  Properties  of  a  Right-Angled  Triangle  at 
fome  Length,  it  being  the  Foundation  of  Plane  and  Mercator’s  Sail¬ 
ing  ;  we  (hall  now  proceed  to  fhew  how  to  determine  the  feveral 
Lengths  of  the  Sines,  Tangents,  and  Secants,  belonging  to  the  feveral 
Arches,  anfwering  to  every  Degree  and  Minute  of  the  Quadrant,  in 
Parts  of  the  Radius  firft  given  ;  and  how  to  lay  them  down  on  the 
Plane  Scale. 


THE 
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THE 

FUNDAMENTAL  PROJECTION 

OF  THE  LINES  OF 

Sines, Tangents,  andSecants  on  the  Plane  Scale. 

the  Radius  you  intend  for  your  Scale  defcribe 
\\  a  Semicircle  A  D  B  C,  and  upon  the  Centre  C  raife 
the  Perpendicular  C  D,  (which  will  divide  the  Semicircle  into 
two  Quadrants,  A  D,  B  D);  continue  C  D  dirc<£hly  to  S,  and 
upon  J_>  raife  the  Perpendicular  B  T,  then  draw  the  Right  Lines 
B  D  and  A  D. 

2dly.  Divide  the  Quadrant  B  D  into  9  equal  Parts,  then  will 
each  of  thefe  be  10  Degrees.  Again,  you  may  fubdivide  each  of 
thefe  Parts  into  fingle  Degrees  :  And  thefe  again,  if  your  Radius 
will  admit  of  it,  into  Minutes,  or  fome  Aliquot  Parts  of  a  Degree 
greater  than  Minutes. 

3dly.  Set  one  Foot  of  the  Compaffes  in  B,  and  transfer  each  of 
the  Divifions  in  the  Quadrant  B  D,  to  the  Right  Line  B  D  ;  then 
is  B  D  a  Line  of  Chords. 

4thly.  From  the  Points  10,  20,  30,  &c.  in  the  Quadrant  B  D, 
draw  Right  Lines  parallel  to  C  D  till  they  cut  the  Radius  C  B  ; 
then  is  the  Line  C  B  divided  into  a  Line  of  Sines,  which  muft  be 
numbered  from  C  towards  B. 

ythly.  If  the  fame  Line  of  Right  Sines  be  numbered  from  B  to¬ 
wards  C,  it  will  become  a  Line  of  Verfed  Sines  ;  which  may  be 
continued  to  1 8c°,  if  the  fame  Divifions  be  transferred  on  the  other 
Side  the  Center  C. 

6thly.  From  the  Center  C  through  the  fevera!  Divifions  in  the 
Quadrant  B  D,  draw  Right  Lines  till  they  cut  the  Tangent  B  T  ; 
fo  will  the  Line  BT  become  a  Line  of  Tangents. 

ythly.  Setting  one  Foot  of  the  Compalfes  in  C,  extend  the  other 
to  the  feveral  Divifions,  10,  20,  30,  &c.  in  the  Tangent  Line  B  T, 
and  transfer  thefe  Extents  feverally  into  the  Right  Line  C  S  ;  then 
will  the  Line  C  S  be  a  Line  of  Secants. 

8thly.  Right  Lines  drawn  -from  A  to  the  feveral  Divifions,  10, 
20,  30,  & c.  in  the  Quadrant  B  D,  will  divide  the  Pvadius  C  D  into 
a  Line  of  Semitangents. 

9thly.  Divide  the  Quadrant  A  D  into  8  equal  Parts,  and  from  A 
transfer  thefe  Divifions  feverally  into  the  Line  A  D  ;  then  is  A  D 
a  Line  of  Rhumbs,  each  Divifion  anfwering  to  li°  15'  upon  the 
Line  of  Chords.  The  Ufe  of  this  Line  is  for  protradling  and  mea- 
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furing  of  Angles,  according,  to  the  com.mon  Divifions  of  the  Mari¬ 
ners  Compafs.  If’ the  Radius*  A  Q  t>£  -divided,  hftd  ipo  or  1 000,  &c. 
equal  Parts,  and  the  Length’S  bf  ’the  'feverai  Sines,  Tangents,  and 
Secants,  correfponding  to  the  feverai  Arches  of  the  Quadrant,  be 
meafured  thereby,  and  thefe  Numbers  be  fet  down  in  a  Table,  each 
in  its  proper  Column  :  you  will  by  this  Means  have  a  Triangular 
Canon  of  Numbers,  by  which  the  feverai  Cafes  in  Trigonometry 
may  be  refolved.  The  Right  Lines  graduated  as  above,  being 
'  placed  feverally  upon  a  Ruler,  do  form  the  Inftrument  called  the 
Plane  Scale ;  by  which  the  Sines  and  Angles  of  all  Triangles  may 
be  meafured.  All  Right  Lines  (as  the  Sides  of  Plane  Triangles,  &c. 
when  they  are  confidered  fimply  as  fuch,  without  having  any  Rela¬ 
tion  to  a  Circle)  are  meafured  by  Scales  of  equal  Parts  ;  one  of  which 
is  fubdivided  equally  into  10,  and  this  ferves  as  a  common  Divifion 
to  all  the  Reft.  In  mod  Scales  an  Inch  is  taken  for  a  common 
Meafure,  to  determine  their  Largenefs  and  Number  of  Parts:  that 
an  Inch  is  divided  into  is  generally  fet  at  the  end  of  the  Scale,  as 
in  the  Scales  A,  B,  and  C;  the  Numbers  10,  20,  30,  do  fhew  that 
fo  many  Parts  of  the  Scales,  A,  B,  C,  are  contained  in  an  Inch. 
By  any  Scale  of  equal  Parts  divided  as  above,  any  Number  lefs  than 
100  may  be  readily  taken;  but  if  the  Number  fhould  confift  of 
Three  Places  of  Figures,  the  Value  of  the  Third  Figure  can  only 
be  gueft  at :  wherefore  in  thefe  Cafes  it  is  better  to  ufe  fuch  a  Scale 
as  D,  called  a  Diagonal  Scale,  by  which  any  Number  of  Three 
Figures  may  be  exadlly  found. 

Having  prepared  a  Ruler  of  convenient  Breadth  for  your  Scale, 
(which  may  be  an  Inch  more  or  lefs)  Firft,  near  the  Edges  thereof, 
draw  Two  Right  Lines  «/,  eg,  parallel  to  each  other ;  then  divide 
one  of  thefe  Lines  as  af,  into  equal  Parts,  according  to  the  Large¬ 
nefs  you  intend  vour  Scale  ;  and  through  each  of  thefe  Divifions 
draw  perpendicular  Right  Lines  as  far  as  the  Line  eg ;  next  divide 
the  Breadth  into  1  o  equal  Parts ;  and  through  each  of  thefe 
Divifions  draw  Right  Lines  parallel  to  the  former  af  and  eg; 
again,  divide  the  Lengths  a,  b,  c,  d,  each  into  10  equal  Parts; 
and  from  the  Point  d  to  the  firft  Divifion  in  the  Line  A  B;  draw 
a  Right  Line,  then  parallel  to  that  Line,  draw  Right  Lines  through 
all  the  other  Divifions,  and  tire  Scale  is  done. 

Befides  the  Lines  already  mentioned,  there  is  another  on  the 
Plain  Scale  marked  M  L,  which  is  joined  to  a  Line  of  Chords  ;  and 
ftiews  how  many  Miles  Rafting  or  Wefting  make  a  Degree  of 
Longitude  in  every  Latitude ;  thefe  feverai  Lines  are  (generally) 
put  on  one  Side  of  a  Ruler  2  Feet  long ;  and  on  the  other  Side  are 
laid  down  a  Scale  of  the  Logarithms  of  the  Sines,  Tangents,  and 
Numbers,  which  is  commonly  called  Gunter’s  Scale  ;  and  as  it  is 
of  general  Ufe,  it  requires  a  particular  Defcription. 


THE 


(  rff  ) 

H  .8  t 

DESCRIPTION  and  USE  of 

GUNTER’s  SCALE. 

GUNTER’s  Scale,  hath  fet  upon  it  thefe  Eight  Lines 
following : 

xft.  Sine  Rhumbs  (marked  SR)  is  a  Line  which  contains  the 
Logarithm  of  the  Sine  of  every  Degree,  Point,  and  Quarter  Point 
of  the  Mariner’s  Compafs,  figured  from  the  Left  Hand  towards  the 
Right,  with  l,  2,  3,  4,  5,  6,  7,  to  8,  where  is  a  Brais  Pin,  and 
where  it  can,  is  divided  into  Halves  and  Quarters. 

2d.  Tangent  Rhumbs  (marked  T  R)  alfo  correfponds  to  the  Lo¬ 
garithm  of  the  Tangent  of  every  Degree  of  the  faid  Compafs,  and 
is  figured  1,  2,  3,  4  at  the  Center,  where  is  a  Pin,  and  from  thence 
towards  the  Left  Hand  with  5,  6,  7  -,  it  is  alfo  divided,  where  it  can, 
into  Halves  and  Quarters. 

3.  The  Line  ot  Numbers  (marked  Num.)  contains  the  Loga¬ 
rithm  of  the  Numbers,  and  is  figured  thus  :  near  the  Left  Hand  End 
it  begins  at  I,  and  towards  the  Right  Hand  is  2,  3,  4,  5,  6,  7,  8,  q ; 
then  1  is  the  Middle, at  which  is  a  Brafs  Center  Pin,  going  dill  on 
2,  3,  4,  5,  6,  7,  8,  9,  and  10  at  the  End,  where  is  another  Center 
Pin  :  (As  this  Line  is  generally  ufed  it  requires  a  larger  Defcription) 
The  firft  1  may  be  counted  for  r,  or  10,  or  10c,  or  1000,  and  then 
the  next  2  is  accordingly  2,  or  20,  or  20c,  or  2C00,  See.  Again, 
the  firft  1  may  be  reckoned  for  1  Tenth,  or  i  Hundredth,  or  1 
Thoufandth  Part,  &c.  then  the  next  is  2  Tenth,  or  2  Hundredth, 
or  2  Thoufandth  Parts,  See.  fo  that  if  the  Firft  1  be  efteemed  j  ,  the 
Middle  1  is  then  10,  and  2  to  its  Right  is  20,  3  is  30,  4  is  40,  and 
I  Oat  the  End  is  100;  again,  if  the  Firft  x  is  10,  the  next  2  is  20, 
3  is  30,  and  fo  on  making  the  Middle  1  now  100,  the  next  2  is  200, 
3  is  30c,  4  is  400,  and  10  at  the  End  is  now  1000.  In  like  Man¬ 
ner  if  the  Firft  1  be  efteemed  for  1  Tenth  Part,  the  next  is  2  Tenth 
Parts,  and  the  Middle  1  is  1,  and  the  next  2  is  2,  and  10  at  the 
End  is  now  10.  Again,  if  the  Firft  r  be  counted  x  Hundredth  Part, 
the  next  is  2  Hundredth  Parts,  the  Middle  1  is  now  10  Hundredth 
Parts,  or  x  Tenth  Part,  and  the  next  2  is  2  Tenth  Parts,  and  10  at 
the  End  is  now  but  1  whole  Number  or  Integer. 

As  the  Figures  are  increafed  or  diminifhed  in  their  Value,  fo  in 
like  Manner  mull  all  the  intermediate  Strokes  or  Subdivifions  be 
increafed  or  decreafed  :  that  is,  if  the  Firft  1  at  the  Left  Hand)  be 
counted  l,  then  2  (on  the  Right  hand  of  it)  is  2;  and  each  Sub- 
divifion  between  them  now  is  Tenth  Part,  and  fo  all  the  V.  ay 
to  the  Middle  x,  which  now  is  10,  the  next  2  is  205  now  the 

longer 
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longer  Strokes  between  1  and  2  are  to  be  counted  from  1  thus  : 
it,  12,  (where  is  a  Brafs  Pin)  then  13,  14,  15,  (fometimes  a  longer 
Stroke  than  the  reft)  then  16,  17,  18,  19,  and  20  at  the  Figure  2  ; 
and  all  the  fhorter  Strokes  between  tbefe  longer  are  now  each  to  be 
counted  for  a  Tenth  Part,  from  the  Middle  1  to  the  next  2,  now 
20,  from  whence  the  longer  Strokes  between  the  Figures  are  Units, 
thus,  2r,  22,  23,  &c.  to  3,  which  now  is  30,  and  the  fhorter  Strokes 
between  them,  each  now  is  a  Tenth  Part  of  an  Integer;  from  3 
each  fhort  Stroke  (or  little  Divifion)  is  5  Tenth  Parts  of  an  Unit. 

Again,  if  one  at  the  Left  Hand  be  10,  the  Figure  between  it  and 
the  Middle  1  are  common  Tens ;  and  the  Subdivifions  (between  each 
Figure)  are  Units  ;  and  from  the  Middle  i  to  io  at  the  End,  each 
Figure  is  fo  many  Hundreds ;  and  between  thefe  Figures  each  longer 
Divifion  is  1 0 ;  and  from  the  Middle  1  to  2,  each  lefs  Divifion  is  2 
Units  ;  from  2  to  the  End,  each  fhorter  ftroke  is  5  Units. 

From  this  Defcription  it  will  be  eafy  to  find  the  Divifions  repre- 
fenting  a  given  Number,  thus  :  Suppole  the  Point  reprefenting  the 
Number  i2vvas  required,  take  the  Divifion  at  the  Figure  1  in  the 
Middle  for  the  Firft  Figure  of  1 2,  then  for  the  fecond  Figure  count 
2  Tenths  (or  longer  Strokes)  to  the  Right  Hand,  and  this  Laft  is  the 
Point  reprefenting  12. 

Again,  fuppofe  the  Number  22  was  required,  the  Firft  Figure 
being  2,  I  take  the  Divifion  to  the  Figure  2  for  it,  and  for  the 
Second  Figure  2  count  2  Tenths  onwards,  and  that  is  the  Point  re¬ 
prefenting  22. 

Again,  fuppofe  1728  was  required,  for  the  Firft  Figure  1  I  take 
the  Middle  i,  for  the  Second  Figure  7  count  onward  as  before, 
and  that  is  1700;  then  for  the  2,  the  Third  Figure  count  2  Tenths 
from  the  Laft,  and  it  reprefents  1 720  ;  laftly,  for  the  Fourth  Figure 
8,  eftimate  8  Tenths  of  the  next  fmall  Divifion,  or  a  little  lefs  than 
10,  this  Point  laft  found  reprefents  1728. 

Required  the  Point  reprefenting  the  Number  435  ?  From  the  4 
in  the  Second  Interval,  count  towards  5  in  the  Right,  Three  of  the 
larger  Divifions  and  one  of  the  Smaller,  and  that  will  be  the  Divi¬ 
fion  expreffing  435  ;  and  the  like  of  other  Numbers,  which  by  a 
little  Praftice  is  readily  done. 

All  Fractions  found  in  this  Line  muftbe  Decimals  ;  and  if  they 
are  not,  they  muft  be  reduced  into  Decimals,  which  is  eafily  dene 
by  extending  the  Compafles  from  the  Numerator  to  the  Denomi¬ 
nator,  that  Extent  laid  upon  1  in  the  Middle  will  reach  to  the  Deci¬ 
mal  required. 

Example,  required  the  Decimal  Praftion  equal  to  a  ?  Extend 
from  4  to  3.  that  Extent  will  reach  from  1  in  the  Middle  to  .75 
towards  the  Left  Hand  ;  the  like  may  be  obferved  of  any  other 
Vulgar  Fradbion. 
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Multiplication  is  performed  on  this  Line  by  extending  from  i  to 
the  Multiplier,  that  Extent  will  reach  from  the  Multiplicand  to  the 
Product. 

Suppofe  for  Example  it  was  required  to  find  the  Product  of  16 
multiplied  by  4  :  Extend  from  1  to  4,  that  Extent  will  reach  from 
16  to  64,  the  Product  required. 

Divilion  being  the  Reverfe  of  Multiplication,  therefore  extend 
from  the  Divifor  to  1,  that  Extent  will  reach  from  the  Dividend  to 
the  Quotient. 

Suppofe  64  is  to  be  divided  by  4,  extend  from  4  to  1,  that  Ex¬ 
tent  will  reach  from  64  to  16,  the  Quotient.  The  fame  with  any 
other  Numbers. 

Proportion,  or  the  Rule  of  Three  being  performed  by  Multipli¬ 
cation  and  Divifion,  therefore  extend  from  the  Frft  Term  to  the 
Second,  that  Extent  will  reach  from  the  Third  to  the  Fourth. 

Example,  If  the  Diameter  of  a  Circle  be  7  Inches,  and  the  Cir¬ 
cumference  22,  what  is  the  Circumference  of  another  Circle,  the 
Diameter  of  which  is  14  Inches  : 

Extend  from  7  to  22,  that  Extent  will  reach  from  14  to  44,  the 
Circumference  required. 

In  like  Manner  may  any  other  Proportion  be  worked  of  any  De¬ 
nomination,  which  makes  this  Line  of  general  Ufe,  particularly  in 
meafuringof  Superfices  andSolids,  which  is  done  by  extending  from 
1  to  the  Breadth,  that  Extent  wifi  reach  from  the  Length  to  the 
Superficial  Content. 

Example,  fuppofe  a  Plank  or  Board  15  Inches  broad,  and  27  Feet 
Long,  the  Content  of  which  is  required  : 

Extend  from  1  to  1  Foot  3  Inches,  that  Extent  will  reach  from 
27  Feet  to  33.75  Feet,  the  Superficial  Content;  or  extend  from 
12  Inches  to  15  Inches,  that  Extent  will  reach  from  27  Feet  to 
33.75  Feet. 

The  Solid  Content  of  any  Bale,  Box,  Cheft,  &c.  is  found  by  ex¬ 
tending  from  1  to  the  Breadth,  that  Extent  will  reach  from  the 
Depth  to  a  Fourth  Number,  and  the  Extent  from  1  to  that  Fourth 
Number  will  reach  from  the  Length  to  the  Solid  Content. 

Example  ill.  What’s  the  Content  of  a  Square  Pillar,  whofe 
Length  is  21  Feet  9  Inches,  and  Breadth  1  Foot  3  Inches? 

The  Extent  from  1  to  1.25  will  reach  from  1.25  to  1.56,  the 
Content  of  1  Foot  in  Length;  again,  the  Extent  from  1  to  1.56 
will  reach  from  the  Length-21.75  to  33.8,  the  Solid  Content  in 
Feet.  * 

Example  2d.  S  ippofe  a  Square  Piece  of  Timber  1.25  Feet  Broad, 
.56  Deep,  and  36  Feet  Lcng  be  give*  to  find  the  Content :  Extend 
from  1  to  1.25,  that  Extent Will  reach  from  .56  to  7  ;  then  extend 
from  1  to  7,  that  Extent  will  reach  from  36  to  25.2,  the  Solid  Con¬ 
tent.  In  like  Manner  may  the  Contents  of  any  Bales,  &c.  be 
iound,  which  divided  by  40  will  give  the  Tonage. 
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3d.  The  Line  of  Sines  (marked  Sines)  begin  at  the  Left  Hand, 
and  Figured  thus :  1,  2,  3,  &c.  to  10;  then  20,  30,  40,  &c.  to  go, 
ending  at  the  Right  Hand,  where  is  a  Brafs  Center  Pin  :  Thefe  Fi¬ 
gures  never  change  their  Value  or  Denomination,  being  here  (and 
in  all  Lines  under  it)  called  Degrees. 

4th.  The  Line  of  Ver fed  Sines  (marked  V.  S.)  begins  at  the  Right 
Hand  againft  go,  in  the  Sines,  and  from  thence  Figured  towards  the 
Left  Hand,  thus:  10,  20,  30,  40,  &c.  ending  at  the  Left  Hand  End 
about  169  Degrees;  the  Subdivifions  are  from  10  to  30,  each  are 
2.  Degrees  ;  from  thence  to  go,  (it  is  fingle  Degrees)  ;  and  from 
thence  to  the  End  ;  it  is  divided  each  into  15  Minutes. 

5th.  The  Line  of  Tangents  (marked  Tan.)  begin  at  the  Left 
Hand  as  the  Sines  do ;  from  thence  Figured  to  the  Right  Hand, 
thus  :  1,  2,  3,  &c.  to  10,  and  fo  on  20,  30,  40,  and  45  at  the  Right 
Hand,  where  is  a  little  Brafs  Center  Pin,  juft  under  and  even  with 
go  in  the  Sines  ;  from  thence  back  again  it  is  Figured  50,60,  7©, 
80,  &c.  to  89,  ending  at  the  Left  Hand  where  it  began  at  r 
Degree  :  The  Subdivifions  of  this  Line  are  the  fame  as  thofe  of 
the  Sines. 

6th.  The  Line  of  Meridional  Parts  (marked  Mer.)  begins  at  the 
Right  Hand,  and  numbered  thus:  10,  20,  30,  &c.  to  the  Left 
Hand,  .where  it  ends  at  87  Degrees.  I  his  Line,  with  the  Line  of 
Equal  Parts  (marked  E.  P.)  under  it,  are  ufed  together,  only  in 
Mercator’s  Sailing.  The  uppermoft  Line  contains  the  Degrees  of 
the  Meridian  or  Latitude,  in  a  Mercator’s  Chart ;  and  the  lower  is 
the  Equator,  and  contains  the  Degrees  of  Longitude. 
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THE  USE  OF  THE 

LOGARITHMS. 

LOGARITHMS  are  a  Series  of  Numbers,  invented  by 
Lord  Napier,  a  Scotch  Nobleman,  by  which  the  Work  of 
Multiplication  may  be  performed  by  Addition  ;  and  the  Operation 
of  Divifion  may  be  done  by  Subftratiion  ;  for  if  the  Logarithm  of 
the  Multiplicand  be  added  to  the  Logarithm  of  the  Multiplier,  that 
Sum  will  be  the  Logarithm  of  the  Product  *,  and  if  from  the  Loga¬ 
rithm  of  the  Dividend  you  Subftract  the  Logarithm  of  the  Divifor, 
the  Remainder  will  be  the  Logarithm  of  the  Quotient.  Again,  if 
the  Logarithm  of  any  Number  be  divided  by  2,  the  Quotient  will 
be  the  Logarithm  of  the  Square  Root  of  that  Number  ;  or  if  the 
Logarithm  of  any  Number  be  divided  by  3,  the  Quotient  will  be  the 
Logarithm  of  the  Cube  Root  of  that  Number. 

In  the  fir  ft  Page  of  the  Tables  you  will  find  the  Logarithm  of  the 
Numbers  from  1  to  100,  which  are  continued  to  10,000.  Tq  find 
Logarithm  of  any  Number  proceed  thus:  ift.  If  the  Nujpber  be 
lefs  than  100,  fuppofe  45,  look  for  45  in  the  Column  marked  N°. 
oppofite  to  which  is  1.65321,  the  Logarithm  required.  Again, 
fuppofe  the  Logarithm  741  is  wanted,  look  for  741  in  the  Column 
marked  N°.  oppofite  to  that  is  2.86982,  the  Logarithm  ;  but  if 
the  Number  conlifts  of  more  than  3  Places,  fuppofe  5738,  find  the 
firft  3  Figures  573  in  the  Column  marked  N°.  and  Right  over  and 
under  8  Hands  2.75876  ;  but  as  the  Number  is  above  3  Places  of  Fi¬ 
gures,  the  Figure  or  Index  muft  be  called  3,  and  then  it  will 
ftand  thus,  3.75876,  the  Logarithm  required.  On  the  Contrary, 
when  a  Logarithm  is  given  to  find  the  Number  belonging  to  it,  look, 
among  the  Logarithms  for  the  neareft  to  it,  oppofite  which,  in  the 
Column  of  N°.  will  be  found  the  Number  required.  Suppofe  for 
Example,  the  Logarithm  2.75662  was  given,  I  find  the  neareft  to 
it  in  the  Table  is  2.75664,  oppofite  to  that  is  571,  the  Number  re¬ 
quired.  Again,  fuppofe  the  Logarithm^.  74763  ww  given  to  find 
its  Number,  looking  in  the  Table  I  find  neareft  thereto  under  3, 
and  oppofite  to  559,  now  becaufe  the  Index  is  3,  I  call  it  5593, 
which  is  the  Number  required  ;  for  when  the  Number  is  under  10 
the  Index  is  always  o;  from  10  to  100  the  Index  is  1 ;  from  100  to 
loco  the  Index  is  2  from  1000  to  10, coo  the  Index  is  3  ;  from 
j  o,coo  to  ico,ooo  the  Index  is  4,  & c. 

7  0  find  the  Logarithm  oj  an  Absolute  Number  and  a  Decimal. 

.If  the  Decimal  confifts  of  one  Place  and  the  whole  Number  be 
under  100,  look  for  the  whole  Number  and  Decimal  as  if  it  was  an 
Abfolute  Number  in  the  Column  of  Numbers,  oppofite  to  that  will 
be  the  Logarithm  required,  obferving  to  feparate  the  laft  Figure  in 

the 
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the  Number  for  a  Decimal,  and  to  call  the  Index  1  if  above  10  and 
under  100  j  but  if  under  10  the  Index  is  c.  Required  the  Lo¬ 
garithm  of  57.5?  oppofite  to  575  is  2.75967,  calling  the  Index  1 
it  will  be  1.75967,  the  Logarith  of  57.5. 

Having  the  Logarithm,  the  Number  is  found  by  the  Inverfe  of 
the  above,  as  for  Example  : 

Required  the  Number  anfwering  to  the  Logarithm  2.98798  ? 
Looking  in  the  Table  I  find  that  Logarithm  under  ( 7 )  and  oppofite 
972,  therefore  972.7  is  the  Number  fought. 

When  there  are  two  places  of  Decimals,  find  the  whole  Num¬ 
ber,  and  the  fir!!  Place  of  the  Decimal  in  the  Column  of  Nc>.  as 
before,  and  the  laft  Figure  in  the  Column  marked  {  x  |  2  I  3  |  &c. 
above,  and  at  the  Angle  of  Meeting  will  be  the  Logarithm  required. 
Example,  Required  the  Logarithm  of  44.49?  look  for  444,  and 
Right  over  and  under  9  is  2.64826,  making  the  Index  1  it  will  be 
x. 648 26,  the  Logarithm  of  44.49  j  having  the  Logarithm,  the 
Number  is  found  as  before. 

Example,  Required  the  Number  anfwering  to  this  Logarithm 
0.75450  ?  Looking  in  the  Table  I  find  that  Logarithm  under  2,  and 
oppofite  to  568  in  the  Column  of  Numbers  ;  now  as  the  Index  is  (o) 
the  5  only  is  a  whole  Number,  and  68  fet  before  the  2  above,  will 
make  the  Decimal  682,  confequently  the  Number  is  5.682. 

To  find  the  Logarithm  of  the  Sine,  Tangent ,  or  Secant  belonging  to 
any  Number  of  Degrees  and  Minutes  required. 

If  the  required  Degrees  be  lefs  than  45,  feek  the  Degrees  on  the 
Top,  and  the  Minutes  in  the  left  Hand  Column  marked  M,  again!! 
which  in  the  Column  figned  at.  the  Top  with  the  propofed  Name, 
Hands  the  Sine,  Tangent,  and  Secant  required  ;  but  when  the  De¬ 
grees  given  are  more  than  45,  feek  the  Degrees  at  the  Bottom,  and 
the  Minutes  in  the  Right  Hand  Column  marked  M  at  the  Bottom, 
and  the  propofed  Name  at  the  Bottom.  Here  it  may  be  obferved 
that  the  Degrees  at  the  Top,  and  Minutes  at  the  Left  Hand  Column 
added  to  the  Degrees  at  the  Bottom,  and  Minutes  in  the  Right  Hand 
Column  always  make  90°  :  hence,  if  at  Sine  be  looked  for,  the  Com¬ 
plement  to  it  will  be  found  in  the  adjoining  Column :  the  fame  of 
Tangents  and  Secants. 

Example  ift.  Required  the  Logarithm  of  the  Sine  28°  37'  ? 

Find  28°  at  the  Top  of  the  Page,  and  in  the  Left  Hand  Column 
marked  Mat  the  Top  find  37,  again!!  which  in  the  Column  marked 
with  the  word  Sine,  ftands  9,68029,  the  Logarithm  of  the  Sine  of 
28°37/  required  ;  thefame  may  be  obferved  of  Tangents  and  Secants. 

Example  2d.  Required  the  Logarithm  of  the  Tangent  or  67°45/? 

Find  67°  at  the  Bottom  of  the  Page,  and  45  in  the  Right  Hand 
Column  marked  M  at  the  Bottom,  again!!  this  in  the  Column 
marked  Tangent  at  the  Bottom  ftands  10.38816,  which  is  the  Lo¬ 
garithm  required. 

plaving  the  Sine,  Tangent,  or  Secant,  the  Co-Sine,  Co-Tangent, 
and  Co-Secant  are  always  found  in  the  adjoining  Columns. 

The 
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The  Logaritmh  of  any  Number  of  Degrees  above  90°  is  found 
by  fubtradling  the  given  Degrees  from  i8cP,  and  taking  the  Lo¬ 
garithms  of  the  Remainder. 

To  find,  the  Complement  Arithmetic  of  any  Logarithm  given . 


The  Complement  Arithmetic  of  a  Logarithm  is  what  it  wants  of 
3  o.ocooo,  or  20.00000,  and  is  ufed  to  avoid  Subtraction  ;  for  finding 
it  this  in  the  Rule  :  take  theRefidue  or  Remainder  of  the  firft  Figure 
to  9,  and  fo  of  the  Reft  until  you  come  to  the  laft  Figure,  of  which 
take  its  Remainder  under  10,  and  it  is  done. 

Example  ift.  I  would  have  the  Complement  Arithmetic  of 
9.62595  : 

For  the  firft  Figure  9  write  o  •,  for  6,  3-,  for  2,  7;  for  5,  4  ; 
for  9,  0-,  and  for  the  laft  Figure  5  write  5  ;  and  fo  you  have 
c.3"405,  for  the  Complement  Arithmetic  fought. 

Example  2d.  The  Complement  Arithmetic  of  10.33133  : 

For  o,  (always  rejecting  the  firftFigure,  when  there  are  two  Figures 
in  the  Charadteriftic)  write  9  and  fo  on  as  before  directed,  and 
then  you  will  have  9.66867,  which  is  the  Complement  Arithmetic 

of  *0133133. 


Or  thus : 


From 

Take 


io.coqoo  From 
9.62595  Take 


20.00000 

*0-33133 


Comp.  Arith.  required.  0.37405 


Comp.  Arith.  required.  9.66867 


The  Logarithm  for  Degrees,  Minutes,  and  Seconds  is  found  by 
taking  the  Difference  between  the  next  greater  and  leffer  Loga¬ 
rithm  ;  and  faying  as  6o// :  is  to  that  Difference  :  :  fo  is  the  Seconds 
given  :  to  a  fourth  Number,  which  fourth  Number  being  added  to 
the  Left  Eland  of  the  next  lefs  Logarithm  gives  the  Logarithm  re¬ 
quired.  By  the  reverfe  of  this,  when  the  Logarithm  is  given,  the 
Seconds  may  be  found. 

But  if  the  given  Seconds  be  i,  y,  i,  or  nearly  any  other  even 
Parts  of  a  Minute,  the  like  Parts  may  be  taken  of  the  difference  of 
the  Logarithms,  and  added  to  the  next  lefs  Logarithm,  and  that  will 
be  the  Logarithm  of  the  Degrees,  Minutes,  and  Parts  of  a  Minute 
required. 

The  fame  maybe  obferved  of  Natural  Sines. 


The  Solution  of  the  fcveral  Cafes  in  Right-angled  and  Oblique  Plane  Trim 

gonofneiry. 

No twith Handing  what  has  been  faid,  it  may  not  be  improper  to 
to  obferve. 

That 
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That  the  Chord  of  6o°,  Sine  of  90°,  and  Tangent  450  of  any 
Circle  are  always  equal  to  the  Radius. 

The  Co-Sine,  Co-Tangent,  Co-Secant  and  Co-verfed  Sine  of  an 
Arch  is  the  Right  Sine,  Tangent,  Secant,  and  Verfed  Sine  of  the 
Complement  of  that  Arch. 

That  all  Circles,  whether  great  or  fmall,  are  fuppofed  to  be  di¬ 
vided  into  360  equal  Parts  called  Degrees,  and  each  of  thefe  De¬ 
grees  divided  into  60  equal  Parts  called  Minutes  ;  the  fourth  Part  of 
a  Circle  is  called  a  Quadrant  or  gou,  the  Half  is  called  a  Semi-circle 
or 1800. 

The  Complement  of  any  Angle  is  what  it  wants  to  complete  90 
Degrees. 

The  Supplement  of  any  Angle  is  what  it  wants  to  complete  1S0 
Degrees. 

All  Angles  are  meafured  by  an  Arch  of  a  Circle  defcribed  upon 
their  Angular  Points  with  the  Chord  of  60  Degrees,  and  are  efteemed 
greater  or  lefs,  according  to  the  Number  of  Degrees  contained  be¬ 
tween  the  Legs  ;  but  the  Sides  are  meafured  by  a  Scale  of  equal* 
Parts. 

The  fewefl:  Number  of  Plight  Lines  that  can  include  a  Space  are 
three,  which  is  called  a  Triangle,  and  confifts  of  fix  Parts,  which  are 
three  Sides  and  three  Angles. 

The  three  Angles  are  always  equal  to  a  Semi-circle  or  180  De- 
grees  ;  therefore,  if  two  of  the  Angles  be  given,  the  third  is  found 
by  fubtracbing  the  Sum  of  the  two  given  Angles  from  1 80  Degrees, 
the  Remainder  will  be  the  third  Angle  ;  and  if  one  of  the  Angles 
be  given,  the  Sum  of  the  other  two  is  found  by  fubtradfing  the  given 
Angle  from  180  Degrees,  the  Remainder  will  be  the  Sum  of  the 
other  two  Angles;  but  in  a  Right-angled  Triangle  (or  that  which 
hath  one  of  its  Sides  perpendicular  to  the  other),  the  Right  Angle 
always  contains  90  Degrees,  and  the  other  two  contain  90  Degrees 
between  them:  Therefore,  having  one  of  the  Acute  Angles  given, 
the  other  is  always  found  by  fubtratling  the  given  Angle  from  90 
Degrees,  the  Pvemainder  will  be  the  other  Angle. 

Three  Letters  fignify  an  angle  :  The  middle  one  denotes  the 
Angular  Point,  and  the  other  two  the  Legs  that  include  it. 

Degrees  are  always  marked  with  a  Cypher  over  them,  and  Minutes 
with  a  Dafh. 

Sides  or  Angles,  being  given,  are  always  marked  with  a  Dafh ; 
but,  if  required,  with  a*  Cypher. 

The  Logarithm  of  any  Angle  exceeding  90  Degrees  is  found  by 
fubtraTing  it  from  1 80  Degrees,  and  taking  the  Logarithm  of  the 
Remainder. 

The  Solutions  of  the  fever  al  Cafes  In  plain  Trigonometry  depend  upon  four 
Propofitions,  culled  Axioms  ;  whkhfnould  be  got  perfectly  by  heart. 
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AXIOM  I. 

In  any  Right-angled  plane  Triangle,  if  the  Hypothenufe,  or  long- 
eft  Side,  be  made  the  Radius  of  a  Circle,  the  other  two  Sides,  or 
Legs,  will  be  the  Sines  of  their  oppofite  Angles :  But  if  either  of  the 
Legs,  including  the  Right  Angle,  be  made  Radius,  the  other  Leg  be¬ 
comes  the  Tangent  of  its  oppofite  Angle,  and  the  Hypothenufe  the 
Secant  of  the  fame  Angle*. 


Tor,  in  theTriangle  A  B  C,  let  AB 
be  made  the  Radius  of  a  Circle,  and 
with  one  Foot  of  the  Compaffes  on 
AorB  deferibe  a  Circle,  it  is  plain 
that  the  Leg  B  C  will  be  the  Sine 
of  the  Angle  A,  and  A  C  the  Sine 
of  the  Angle  B :  But  if  A  C  be  made 
Radius,  B  C  becomes  the  Tangent 
of  the  Angle  A,  and  B  A  the  Se-  : 
cant  of  the  fame  Angle. 


Again,  by  making  B  C  Radius,  A  C  will  be  Tangent,  and  A  B  the 
Secant  of  the  Angle  B  :  Hence  it  is  plain  that  the  different  Sides  take 
their  Names  according  to  which  fide  is  made  Radius. 

Note  i  ft.  To  find  a  Side,  any  Side  maybe  made  R.adius  :  Then 
fay,  as  the  Name  of  the  Side  given  is  to  the  name  of  the  Side  re¬ 
quired,  fo  is  the  Side  given  to  the  Side  required. 

But  to  find  an  Angle,  one  of  the  given  fides  muft  be  made  Ra¬ 
dius  :  Then,  as  the  Side  made  Radius,  is  to  the  other  Side,  fo  is 
the  Name  of  the  lirft  Side,  (which  is  always  Radius),  to  theNfme  of 
the  fecond  Side  ;  which  fourth  Proportional  muft  be  found  among 


•Note.  As  this  Axiom  ftiews  how  to  work  any  Proportion  in  Plane, 
Traverie,  or  Mercator's  Sailing  ;  therefore,  the  Terms  of  Plane  Sailing  may 
be  applied  to  the  Right-angled-Triangle,  and  then  proceed  to  Plain  Sailing 
immediately,  without  going  through  Trigonometry,  if  the  Pupil’s  Time  be 
fhort;  and  may  be  rendered  thus  : 

In  any  Cafe  in  Plane  Sailing,  if  the  Diftance  be  made  Radius,  the  De¬ 
parture  will  be  the  Sine,  and  the  Difference  of  Latitude  the  Sine-Complement 
of  the  Courfe. 

But  if  the  Departure  is  made  Radius,  the  Difference  of  Latitude  will  be  the 
Tangent,  and  the  Diftance  the  Secant  of  the  Complement  of  the  Courfe. 

And  if  the  Difference  of  Latitude  is  made  Radius,  the  Departure  will  be¬ 
come  the  Tangent,  and  the  Diftance  the  Secant  of  the  Courfe, 

the 
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the  Sines  or  Tangents,  & c  to  be  determined  by  the  Side  made  Ra¬ 
dius,  and  againft  it  is  the  Angle  required. 

In  a  Right-angled  Triangle  you  muft  always  have  two  Sides,  or 
the  Angles  and  one  Side  given,  to  find  the  reft. 

To  work  Proportions  by  Logarithms,  obferve  this  general 
Rule : 

Add  the  Logarithm  of  the  fecond  and  third  Terms  together,  and 
from  that  Sum  tub  trail  the  Logarithm  of  the  firft  Term,  the  Re¬ 
mainder  is  the  Logarithm  of  the  fourth  Term  or  Number  fought. 
When  an  Angle  is  greater  than  90  Degres,  the  Sine,  Tangent,  and 
Secant  of  the  Supplement  is  to  be  ufed. 


CASE  I. 

The  Angles  and  Hypothenufe  given,  to  find  either  ofi  the  Legs* 

Given,  the  Hypothenufe  121  Leagues;  the  Angle  oppofite  to  the 
Bafe  540  30';  and  confequently,  the  other  Angle  35?  30';  theBafe 
and  Perpendicular  are  required. 


26 


TRIGONOMETRY. 


By  making  the  Bafe  Radius,  the  Proportion,  by  Axiom  I. 

will  be, 


As  Secant  Angle  C -  350  30' 

10.08931I 

Is  to  the  Hypothenufe  121 

2.08278I 

So  is  Radius  - 

10  OOCOOi 

1 2.08278 

c*-> 

OS 

CO 

0 

6 

To  the  Side  B  C  98  5  — 

1 -9934-7 

From  90°  o' 

Take  54  50 

Remainsjj  50  =  Angle  C 


As  Secant  Angle  C  350  30' 

Is  to  the  Hvpothenufe  1 2 1 

So  is  the  Tangent  Angle  C  350  30' 


10.08931 

2.08278 

9.85327 


To  the  Side  A  B  70.26 


11.93605 

10.08931 


1.84674 


By  making  the  Perpendicular  Radius,  the  Proportion, 

by  Axiom  I.  is. 


As  Sec.  Ang.  A  ^4°  30'  10.2360? 
Is  to  the  Hyp.  1 21  2.08278 

So  is  Radius  —  io.oocoo 


12.08278 

10.23605 

To  the  Side  A  B  70.26  1.84673 


As  Sec.  Ang.  A  540  30'  10.23605 

IstoHvp.  121  2.08278 

So  is  Tan.  Ang.  A  540  30'  10. 14673 


12.22951 
10.23605 
- - — 

To  the  Side  B  C  98.5  1.99346 


By  making  the  Hvpothenufe  Radius,  it  will  be. 


As  Radius  — —  10.00000  As  Radius  —  10.00000 

Is  to  the  Hyp.  1 2 1  2.082-8  Is  to  the  Hyp.  1 21  2.08278 

So  is  Sine  Ang.  A  540  30'  9.91069  So  is  Sine  Ang.  C  350  30'  9.76395 


11.99347  11.84673 

10.00000  10.00000 


To  the  SideB  C  98.5  _ 1.99347  To  the  Side  A  B  70.26  1.84673 


Hence  it  is  plain  that  whatever  Side  is  made  Radius,  the  Refult 
will  be  die  fame. 

Br 
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By  GUNTER’s  SCALE. 

In  all  Proportions  wrought  by  Gunter’s  Scale,  when  the  firfl;  and 
fecond  Terms  are  of  the  fame  Kind,  then  the  Extent  from  the 
firft  Term  to  the  fecond  will  reach  from  the  third  to  the  fourth. 

Or  when  the  firft  and  third  Terms  are  of  the  fame  Kind  : 

The  Extent  from  the  firft  Term  to  the  third  will  reach  from 
the  fecond  to  the  fourth  ;  that  is,  fet  one  Point  of  the  Compaffes  on 
the  Divifion  exprefiing  the  firft  Term,  and  extend  the  other  Point 
to  the  Divifion  exprefiing  the  fecond  (or  third)  Term',  then,  with¬ 
out  altering  the  Opening  of  the  Compafi'es,  fet  one  Point  on  the 
Divifion  reprefenting  the  third  Term  (or  fecond  Term),  and  the 
other  Point  will  fall  on  the  Divifion  firewing  the  fourth  Term  or 
Anfwer. 

Now  in  the  laft  Cafe  it  will  be  thus  : 

Extend  from  Radius  or  go0  to  540  30'  on  the  Line  of  Sines  ;  that 
Extent  will  reach  from  the  Hypothenufe  121  to  the  Bafe  98.5  cn 
the  Line  of  Numbers. 


2dly.  Extend  from  Radius  to  350  30"  on  the  Line  of  Sines;  that 
Extent  will  reach  from  the  Hypothenufe  121  to  the  Perpendicular 
A  B  70.26  on  the  Line  of  Numbers. 

Obferve  the  like,  in  all  that  follows,  except  in  thofe  Proportions 
where  the  word  Secant  is  mentioned ;  which  may  be  readily 
wrought,  by  confidering  the  Hypothenufe  Radius,  as  in  the  laft 
Cafe. 

Note.  The  Radius  according  to  the  Nature  of  the  Proportion, 
may  be  any  of  thefe,  viz. 

8  Points  on  the  Line  of  Sine  Rhumbs  go°  on  the  Line  of  Sines. 

4  Points  on  the  Line  of  Tan.  Rhumbs  45 0  on  the  Line  of  Tangs. 


C  A  S  E  II.  AND  III. 


The  Angles  and  one  Leg  given,  to  find  the  Hypothenufe  and  other  Leg. 

The  Angle  A  C  B  3?0  15',  the  Leg  B  C  274  Miles,  given,  to  find 
the  Hypothenufe  and  other  Leg. 
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iS 


By  making  the  Bafe  Radius,  the  Proportion  will  be, 


As  Radius  -  10.00000  As  Radius  - -  loodooo 

Is  to  the  Bafe  274  2.43775  Is  to  the  B.ife  274  2.43775 

So  is  Tan.  Ang.  C  33°  15'  9.8 1666  So  is  Sec.  Ang  C.  33^  15'  10.0-764 


12. 2544!  1 2  5  1 559 

1000000  10.00000 


To  the  Perpend.  1 79.6  2.25441  To  the  Hypoth.  327.6  2.511539 


By  making  the  Perpendicular  Radius. 

As  Tan.  Ang.  A  56°  45'  10.18334  As  Tan.  Ang.  A  56°  45'  10.18334 
Is  to  the  Bafe  274  2.43775  Is  to  the  Bafe  274  243775 

So  is  Radius  — —  io  ocooo  So  is  Sec.  Ang.  A  56°  45"'  10  26099 


12  43775  1269874 

lo-i8334  10.18334 


To  the  Perpend.  179.6  225441  To  the  Hypoth  327.6  2.51540 


By  making  the  Hvpothenufe  Radius. 

Asthe  Sine  Ang.  A  56°45' 9.92235  As  Sine  Ang.  A  56°  45'  9.92235 


JstotheBafe  274  2.43775  Is  to  the  Bafe  275  2.43775 

So  is  Sine  Ang.  C  330  15'  9.73901  So  is  Radius  10.00000 

12  17676  12.43775 

9.92235  9  92235 

To  the  Perpend.  179.6  2  2  5441  Tc  the  Hypoth.  327.6  2.51740 


By  GUNTER. 

*  Extend  from  56  Degrees  45  Minutes  to  33  Degrees  15  Minutes, 
or  the  Line  of  Sines,  that  Extent  will  reach  from  the  Bafe  274  to 
the  Perpendicular  179.6  on  the  Line  of  Numbers’ 

‘  ;dly.  Extend  from  56  Degrees  45  Minutes  to  Radius  on  the 
Line  of  Sines,  that  Extent  will  reach  from  the  Bafe  274  to  the  Hy¬ 
po  then  ufc  327.6,  on  the  Line  pf  Numbers. 


CASE 
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CASE  IV.  and  V. 

The  Hypothenufe  and  one  Leg  given ,  to  find  the  Angles  and  other  Leg. 

The  Leg  A  B  69,  the  Hypothenufe  1 50  given,  to  find  the  Angle 
A  C  B,  or  B  A  C,  arid  Leg  B  C. 


A 


The  Conftru£Kon  is  the 

- 

fame  as  Problem  VIII.  in 

Geometry.  « 

£  N. 

E 

G~133  j  C 

By  making  the  Hypothenufe  Radius. 

As  the  Hypothenufe  150  2.17609  As  Radius  —  10.00000 

Is  to  Radius  -  10.00000  Is  to  the  Hypoth.  150  2.17609 

So  is  Perpendicular  69  1.83885  So  is  S.  Ang.  A  62°  37'  994839 

1 1 . 83  12.12448 

2.17609  10.00000 

To  Sine  Angle  C  270  23'  9.66276  TotheBafe  133-2  2.12448 


By  making  the  Perpendicular  Radius. 


As  the  Perpend.  69  1.83885  As  Radius  -  10.00000 

Is  to  Radius  -  10.00000  Is  to  the  Perpend.  69  1.8388; 

So  is  the  Hypoth.  150  2.17609  So  is  Tan.  Ang.  62°  37'  10.28568 


12.17609  12.12453 

1.83885  10.00000 


To  Sec.  Ang.  A  62°  37'  10.33724  TotheBafe  133.2  2.12453 


By  GUNTER. 

‘  Extend  from  the  Hypothenufe  150,  to  the  Perpendicular  69,  on 
the  Line  of  Numbers ,  that  Extent  will  reach  from  Radius  to  Sine 
Angle  C  27  Degrees  23  Minutes,  on  the  Line  of  Sines. 

2dly  ‘Extend  from  Radius  to  Sine  Angle  A  62  Degrees  37  Mi¬ 
nutes,  that  Extent  will  reach  from  the  Hypothenufe  150  to  the  Bafe 
133.2  on  the  Line  of  Numbers .’ 

CASE 
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CASE  VI.  and  VII. 

The  Legs  given  to  find  the  Angles  and  Hypothenufe. 

The  Legs  A  B  980,  B  C  690  given,  to  find  the  Angle  B  A  C, 
or  A  C  B,  and  the  Hypothenufe  A  C. 


The  Conftru&ion  is  the  fame  as 
Problem  IX.  in  Geometry. 


By  making  the  Bafe  Radius. 

As  the  Bafe  690  2.83S85  As  Radius  - -  10  00000 

Is  to  Radius  -  io.oooco  Is  to  the  Bafe  690  2.83885 

So  is  the  Perpend.  980  2.99123  So  is  Sec.  Ang.  C  540  5  1'  10.23979 

1299123  13.07864 

2.83885  10.00000 

ToTan.  Ang.  C  540  5 1'  10.15238  To  the  Hypoth.  1198  3.07864 


By  making  the  Perpendicular  Radius. 


As  the  Perpend. 

980 

2.99123 

As  Radius  - 

IO.OOOCO 

Is  to  Radius  - 

10-00000 

Is  to  the  Perpend.  980 

2.99123 

So  is  the  Bafe 

690 

2.83885 

So  is  Sec.  Ang.  A  350 

10.08743 

1 2.83885 

13.07866 

2.99123 

10.0000c 

To  Tan.  Ang.  A 

35°  9' 

9.84762 

To  the  Hypoth.  1198 

3.07866 

By 

G  U 

N  T  E  R. 

‘  The  Extent  from  690  to  980  on  the  Line  of  Numbers,  wil 
reach  from  Radius  (or  45  Degrees)  to  54.51  on  the  Line  of  Tan¬ 
gents.'' 

2dly.  ‘  The  Extent  from  Sine  Angle  A  35  Degrees  9  Minute: 
to  Radius,  (or  90  Degrees)  will  reach  from  the  Bafe  690  to  the  Hy 
pothemife  1 198,  on  the  Line  of  Numbers' 

O  B 
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AXIOM  II. 

IN  all  Plane  Triangles,  the  Sides  are  in  direft  Proportion  to  the 
Sines  of  their  oppofite  Angles*. 

CASE  I. 


Two  Angles  and  one  Side  given,  to  find  either  of  the  other  Legs. 

The  Angle  BDC  ioi°  25',  and  C  B  D  44*  42',  and  the  Leg  B  C 
76  given,  to  find  the  Sides  C  D  and  B  D. 


Note.  The  Conftru&ion  the 
fame  as  Problem  X.  in  Geome¬ 
try. 


The  Proportion  by  Axiom  II.  will  be. 

As  Sine  Angle  D  ioi°  25'  - 

Is  to  the  Side  B  G  76  - 

So  is  Sine  Angle  B  440  42'  — 


9.99132 
1. 88081 
9.84720 


1 1.72801 

9.99132 


To  the  Side  D  C  54-53 


1.73669 


*  Let  the  Triangle  ABC  be  circumfcribed  with  a 
Circle  its  plain,  that  each  Side  becomes  a  Chord  to  its 
refpeftive  Arch;  from  hence,  as  the  Arch-Chora  of 
A  C  is  to  the  Chord  of  the  Arch  C  B,  fo  is  the  Side 
A  C  to  the  Side  C  B. 


M . -  B 


Now  it  has  been  fhewn  that  half  the  Chord  is  the  Sine  of  the  Arch  fub- 
tended  by  that  Chord  ;  therefore  in  the  Triangle  ABC,  the  Sines  of  the 
Angles  will  be  as  the  Halves  of  their  oppofite  Sides ;  andfince  the  Halves 
are  as  Wholes,  it  follows,  that  the  Sines  of  the  Angles  are  as  their  oppo¬ 
fite  Sides  ;  that  is  A  C :  C  B  :  :  Sine  Ang.  B  ;  to  Sine  Ang.  A,  Sec. 


As 
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As  SineAng.D  ioi°25'9. 99132 

ioi°25' 

44.42 

The  Sum  of  the  Angles  D  &B  146.7 

Is  to  the  Side  B  C  76  1. 88081 

SoisSine  Ang.C  33.53  9.74625 

From  180.0 

Subtract  146  7 

1 1 .62706 

9.99132 

The  Remainder  is  the  Angle  C  335 3 

TotheSide  B  D  43.23  163574 

CO 

O 

O 

101 .25 

The  Supplem.  of  the  Angle  D  7835 

By  GUNTER. 

*  Extend  from  the  Supplement  of  Angle  D  78°  35'  to  Angle  B 
44°  42'  on  the  Line  of  Sines,  that  Extent  will  reach  from  the  Side 
B  C  76,  to  the  Side  D  C  54-53  on  the  Line  of  Numbers. 

2dly.  ‘  Extend  from  the  Supplement  of  Angle  D  78°  35',  to  Angle 
C  33°  53'  on  the  Line  of  Sines,  that  Extent  will  reach  from  the  Side 
B  C  76,  to  the  Side  B  D  43-23  on  the  Line  of  Numbers' 


CASE  II.  AND  III. 

Two  Sides  and  an  Angle  oppofite  to  one  of  them  given ,  to  find  the  other 
oppoftte  Angle  and  third  Side. 

The  Side  B  C  106,  D  B  65  Miles,  and  the  Angle  BCD 
3‘°  49'  given,  to  find  the  Angle  B  D  C  obtufe,  and  the  Side 
CD. 


The  Conftru&ion  is  the 
fame  as  Problem  XI.  in  Geome¬ 
try. 


The  Proportion  by  Axiom  II-  will  be. 

As  the  Side  B  D  65  - 

Is  to  Sine  Angle  C  31°  49'  - 

So  is  the  Side  B  C  .106  - 


1.81291 
9.7219  8 
2.02531 


11.74729 

1.81291 

i2o943'  —  9-93438 


To  Sine  Angle  D 
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At  Siue  Angle  C  - 
Is  to  the  Side  B  D  65 
•So  is  Sine  Angle  B  27.28 


To  the  SideD  C  -  56.88 


—  9.72198 

—  1.81291 

—  9.66392 

1 1 .4  76S  3 
9.7219b 


1.75485 


180.  o 

The  Supplem.  59.17  of  Ang.D 


1  20.43  Angle  D 
3;. 49  Angle  C 


1 52.32  their  Sum 


180.  o 

152.32  fum  fubt. 


27.28  Angle  B 


Here  it  may  be  proper  to  obferve,  that  if  the  given  Angle  be 
Obtufe,  the  Angle  fought  will  be  Acute ;  but  when  the  given 
Angle  is  Acute,  and  oppofite  to  a  LelTer  given  Side,  then  the  re¬ 
quired  Angle  is  doubtful,  whether  Acute  or  Obtufe ;  it  ought, 
therefore,  to  be  determined  before  the  Operation.  For  its  plain  the 
above  Proportion  produces  59°  17'  for  the  required  Angle;  but  as 
it  is  Obtufe,  its  Supplement  to  180  Degrees  mull  be  taken,  viz. 
1 200  43'. 

By  GUNTER. 


‘  The  Extent  from  65  to  106  on  the  Line  of  Numbers ,  will 
reach  from  31°  49'  to  59“  17'  on  the  Line  of  Sines.’ 

2dly.  ‘  The  Extent  from  31°  49'  to  270  28'  on  the  Line  of 
Sines,  will  reach  from  65  to  56.88  on  the  Line  of  Numbers’ 


AXIOM  III. 

In  every  Plane  Triangle  it  will  be,  as  the  Sum  of  any  two  Sides,  is 
their  Difference,  fo  is  the  Tangent  of  half  the  Sum  of  the  Angles 
oppofite  thefe  Sides  to  the  Tangent  of  half  their  Difference. 

‘  Which  half  Difference,  being  added  to  half  the  Sum  of  the 
Angle,  gives  the  greater  ;  but.  if  fubtra&ed,  the  Remainder  will  be 
the  leffer  Angle*.’ 

*  Produce  the  leffer  Leg  C  B  of  the  Tri-  A 
angle  ABC,  till  B  D  become  equal  to  q 

B  A  ;  then  bifeft  D  C  in  E  ;  join  A  D  and  \  Ts* 

bifedt  it  alfo  in  F,  which  (by  2.  6.  Eucl.)  \  'v  : 

will  be  perpendicular  to  AD,  and  draw  \ _ _\j,  j  . 

E  F,  which  by  (2,  6  Eucl.)  will  be  parallel  C  RE 

to  A  C.  Then  will  the  Angles  A  B  F=rF  B  D=|  Ad  D,  which  exter¬ 
nal  Angle  A  BD  is  (32.  1.  Eucl.)  =  A  B  C-rB  C  A  that  is  the  Sum  of  ihe 
oppofite  Angles  required. 

Then  draw  8  G  parallel  to  C  A,  fo  will  the  Angle  G  B  A  be  (by  29.  1. 
Eucl.)  equal  to  its  alternate  one  B  A  C.  And  it  from  ^  the  Sum  of  the 

E  oppofite 
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CASE  IV.  and  V. 

Two  Sides ,  and  their  contained  Angle ,  given,  to  find  either  of  the  ether 

Angles  and  third  Side . 

The  Side  BC  ioq,  B  D  76  Leagues,  and  the  Angle  CBD 
ioi°  30',  given  to  find  the  Angle  1)  D  C,  or  BCD," and  Side 
C  D. 


The  ConftrudHon  is  the 
fame  as  Problem  XII.  in  Geo¬ 
metry. 


Side  B  C  icq - 

BD  76  - 

their  Sum  185 


D 


33  their  DifF.  78  30  Sum  of  two 

- z.s  D  &  C 

4  39  G 


oppofite  Angles,  you  take  the  leffer  Angle,  that  is,  if  from  Angle  ABF 
you  take  the  Angle  G  B  A  ;  there  will  remain  the  Angle  G  B  F  =  half  the 
Difference  of  the  oppofite  Angles :  And  fo  alfo,  if  from  C  E,  4  the  Sum  of 
the  Legs,  you  take  CB  the  leffer  Leg,  there  will  remain  E  E=i  the  Dif¬ 
ference  of  the  Legs.  And  fince  the  Angle  A  B  F  is  Right-angled,  if  B  F 
be  made  Radius,  AF  will  be  the  Tangent  of  the  Angle  A  B  F,  (that  is,  the 
Tangent  of  l  the  Difference  of  the  oppofite  Angles)  ;  and  in  the  little 
Triangle  G  B  F,  G  F  will  be  the  Tangent  of  the  Angle  G  B  F,  (that  is 
the  Tangent  of  half  the  Difference  of  the  oppofite  Angles) :  But  the  Seg¬ 
ments  of  the  Legs  of  any  Triangle  cut  by  Lines  parallel  to  the  Bafe,  being 
(by  Eucl.  2.  6.)  proportional  EC:  C  B  :  :  F  A  :  FG,  that  is,  half  the 
Sum  of  the  Legs  is  to  half  their  Difference,  as  the  Tangent  of  half  the 
Sum  of  the  oppofite  Angles- is  to  the  Tangent  of  half  their  Difference': 
Eut  Wholes  are  as  their  Halves ;  wherefore  the  Sum  of  the  Legs  is  to 
their  Difference,  as  the  Tangent  of  half  the  Sum  of  the  Angles  oppofite, 
is  to  the  Tangent  of  half  their  Difference. 


The 
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The  Proportion  by  Axiom  III.  is. 

As  the  Sum  of  the  Sides  B  C  and  B  D :=  1 85  —  2.26717 

Is  to  their  Difference  -  33  —  1.51851 

bo  is  Tang,  of  i  the  Sum  of  the  Angles  C  and  D  390  15'  9.91224 


11.43075 

2.26717 


To  the  Tan.  of^  the  Difference  of  the  Angs.  C&D  8°  17'  9.16358 


To  i  the  Sum  of  the  Angles  D  and  C  -  390  15' 

Add  i  the  Difference  of  the  Angles  C  and  D  -  8  17 


Gives  the  greater  Angle  D  47  32 

Subtradbed,  gives  the  leffer  Angle  C  30  58 


Having  the  Angles,  the  Side  is  found  by  Axiom  IT. 

for  it  will  be, 

AsSineAngleD  470  32'  - -  9.86786 

Is  to  the  Side  B  C  109  — - -  2.03743 

So  is  Sine  Angle  B  101  30  -  9.99119 

12.02862 

9.86786 

To  the  Side  D  C  required  144.8  - — -  2.16076 


By  GUNTER. 

*  The  Extent  from  185  to  33  on  the  Line  of  Number will 
reach  from  39°  15'  to  8°  17' on  the  Line  of  Sines.’ 

2diy.  ‘The  Extent  from  Angle  D  470  3?/  to  78°  30'  (the 
Supplement  of  Angle  B)  on  the  Line  of  Sine*,  will  reach  from  the 
Side  B  C  109  to  144.8,  the  Side  D  C  required  on  the  Line  of 
Numbers’ 

AXIOM  IV. 

In  any  PJane  Triangle,  as  the  Bafe  or  greatefl;  Side  is  t».)  the  Sum 
of  the  other  two  Sides,  fo  is  the  Difference  of  the  Sides  to  the  Dif¬ 
ference  of  the  Segments  of  the  Bafe  ;  made  by  a  Perpendicular  let  fall 
from  the  Angie  oppofite  to  the  Bafe. 

‘  And  if  half  the  Difference  of  the  Segments  be  added  to  half  their 
Sum,  it  will  give  the  greater  Segment  •,  but  if  fubtracled,  the  Re- 
mainder  will  be  the  leffer  Segment.’ 

£  2  ‘  The 
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‘  The  Triangle  being  thus  cut  becomes  two  Right-angled  Triangles, 
the  Hypothenufes  and  Bafes  of  which  are  given  to  find  the  Angies  by 
Axiom  I*. 


CASE  VI. 


Three  Sides  given,  to  find  the  Angles. 


The  SideBC  105,  B  D  ^5,  and  C  D  50  Miles  given,  to  find  the 
Angles  B  D  C,  B  C  D,  or  C  B  D. 


-,.9 

The  Conftrudlion  is  the  fame  as 
Problem  XIII.  in  Geometry. 

B  IOS  C 

BD  85  A 
CD  50 

The  Sum  of  the  two  fhorteft  Sides  135 

The  Difference  of  the  two  lhorteft  Sides.  35 


The  Proportion  by  Axiom  IV.  will  be, 


As  the  Side  B  C  105  202119 

Is  to  the  SumoftheSidesBD,  &DC  135  2  13033 
So  is  the  Diff.of  the  Sides  BD,  & D  C  35  1. 544  37 


3-6"44° 
2.0;  1 19 


5  ’  *  the  Hslfofgr.  Side 
2  X  halfDif.  of  theSeg. 

75  thegreateii  Segm. 

30  lefler  Segment. 


Diff.  of  the  Seg.  of  the  Bafe  orgr.  Side  45  i  .65  321 


'  *From  the  Angle  B  in  the  Triangle  A  B  C  let  fall  the  perpendicular 
B  D  ;  on  B,  as  a  Center  with  the  greater  Leg  B  C,  as  a  Radius  defcribe 
the  Circle  B  X  C  Y  Z,  and  produce  A  B  to  X  and  Y,  and  C  A  to  Z. 
Then  (by  33.3.  Euclid.)  AYxAX  is  =  ACx  AZ;  viz.  :  B  C  — 
BA:x:BC  +  BA:  =  ACx:DC  — DA: 

i 

X 


Therefore  A:  C  +  B  A  :  ;  B  C  —  BA: 
DC  —  D  A  ;  otnerwife  let  the  Difference 
of  the  Squares  of  the  Sides  BC  and  A  B 
be  taken  and  divided  by  the  Bafe  A  C,  the 
Quotient  fhall  be  the  Difference  of  the 
Segments  of  the  Bafe  aforefaid. 
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The  Triangle  being  thus  divided,  becomes  two  Right-angled 
Triangles,  the  Hypothenufe  and  Bafc  of  which  are  given  to  find  the 
Angles  by  AxioM  I.  as  follow : 


As  the  Hop  thenufe  B  D  — 
Is  to  Radius  - 

85 

1.92942 

10.00000 

So  is  the  greateft  Segment 

75 

1.87506 

1 1. 87506 
1.92942 

To  Sine  Angle  B  D  A  — 

6i°  56' 

9  94564 

As  the  Hypothenufe  D  C 

5° 

1.69897 

Is  to  Radius  - 

_ 

10.00000 

So  is  the  Idler  Segment  A  C 

3° 

1.47712 

1 1  -477  * 2 
1  69897 


To  the  Sine  Angle  ADC  36°  53'  9.77815 


9o°o' 
6 1  56 


leaves  Angle  B 

28  4 

90  0 
36  53 

leaves  Angle  C 

Co.  4BDA 
Com.  4  ADC 

53  7 

28  4 
53  7 

Sum 

81  11 

Sum 

180  0 
81  if 

Ang.  B  D  C 

98  49 

By  GUNTER. 

ift.  ‘The  Extent  from  105  to  135,  will  reach  from  351045  on 
the  Line  of  Numbers.’ 

2dly.  ‘  The  Extent  from  85  to  75  on  the  Line  of  Numbers,  will 
reaeh  from  Radins  to  6i°  56',  the  Angle  B  D  A  on  the  Line  of 
Sines’ 

3dly.  ‘  The  Extent  from  50  to  30  on  the  Line  of  Numbers,  will 
reach  from  Radius  to  Angle  ADC  36°  53'  on  the  Line  of  Sines..’ 


A  N 
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A  N 

INTRO  D  U  C  T  I  O  N 

TO  THE  ART  OF 

NAVIGATION. 

T)  E  F  O  R.  E  we  begin  Navigation,  it  may  not  beimpropcr  to  give 
J3  the  Learner  fome  Idea  of  the  Syftem  of  the  Univerfe,  com¬ 
monly  called  the  Solar ,  or  Copcmican  Syftem ,  which  is  as  follows  : 

The  Sun,  that  immenfe  and  amazing  Globe  of  Eire,  the  Fountain 
of  Heat  and  Light  of  the  whole  Syftem,  is  placed  near  the  common 
Center  of  the  Orbits  of  fix  opaque  Spherical  Bodies,  which  make 
their  Revolutions  round  it  in  lefs  or  more  Time,  according  to  their 
Diftance  from  it. 

Mercury  is  neareft  to  the  Sun,  and  receives  its  Light  and  Heat 
from  it,  and  revolves  round  it  in  an  Eilipfis  in  two  Months  and 
twenty-eight  Days. 

Venus  is  fomewhat  higher  in  the  Syftem,  and  deferibes  its  Eilipfis 
round  the  Sun  in  7  Months  and  15  Days,  and  becomes  cur  Evening 
and  Morning  Star  by  turns. 

The  Earth  is  next  to  Venus,  and  deferibes  an  Eilipfis  round  the 
Sun  in  365  ^  Days,  or  One  Year,  which  being  at  a  greater  Diftance 
from  the  Sun  than  the  former  Planets,  and  therefore  receiving  lefs  of 
its  Light  and  Heat,  to  make  up  the  Deficiency,  the  wife  Author  of 
Nature  has  caufed  a  fecondary  Planet  called  the  Moon,  to  move 
round  it  in  27  Days,  12  Hours,  and  44  Minutes  ;  it  receives  its 
Light  and  Float  from  the  Sun,  and  reflects  it  upon  the  Earth,  which 
in  fome  Meafure  compenfates  for  the  Abfence  of  the  Sun  in  the 
Winter  Scafons  in  the  North  and  South. 

Mars  is  ftill  higher  in  the  Syftem,  and  takes  a  larger  Circuit,  re¬ 
volving  round  the  Sun  in  1  Year,  ic  Months,  and  22  Days. 

‘Jupiter  is  the  iargeft  of  all  the  Planets,  and  deferibes  a  large  Ei¬ 
lipfis  round  the  Sun  in  n  Years,  loMonths,  27  Days,  and  has  four 
Satellites  or  Moons  moving  round  him,  whofe  Light  they  receive 
from  the  Sun,  and  reflect  it  upon  him  as  the  Moon  does  upon  the 
Earth. 

Saturn  is  the  moft  remote  of  all  the  Planets,  revolving  round  the 
Sun  in  29  F  Years,  has  5  Moons  which  move  round  him,  and  is  alfo 
furrounded  with  a  prodigious  Rang  or  Atmofphere. 

The  Fixed  Stars  are  fuppofed  to  be  cf  the  fame  Matter  with  the 
Sun,  and  made  for  the  fame  Ends  ;  each  of  them,  the  Center  of  its 
own  proper  Syftem,  having  Planets  moving  round  it  as  our  Sun  has. 


Comets 
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Comets  arc  a  Sort  of  Planets  moving  round  the  Sun  in  Ellipfe  fo  very- 
oblong,  that  their  vifible  Parts  feem  to  be  in  a  manner  Parabolical ; 
but  have  fuch  vaft  Atmofpheres  about  them,  and  Tails  derived  from 
the  fame,  efpecially  when  they  come  near  the  Sun,  as  imply  them 
defigned  for  very  different  Purpofes  from  the  other  Planets. 

Having  given  a  curfory  View  of  the  Syftem  of  the  TJniverfe,  we 
{hall  now  confider  the  Earth  a  little  more  particularly ;  a  perfect 
Knowledge  of  the  Figure  and  Motion  of  which,  with  the  various 
real  and  imaginary  Lines  upon  it,  is  abfolutely  neceflary  in  the  Art 
of  Navigation. 

The  Land  and  Water  of  this  Earth  or  Planet  upon  which  we 
live,  make  a  Compofftion  of  a  Spherical  Form,  or  rather  an  Oblate 
Figure,  called  the  Terraqueous  Globe,  which  turns  once  round  its 
Axis  in  24  Hours,  from  Weft  to  Eaft,  and,  thereby,  caufing  all  the 
Heavenly  Bodies  to  revolve  apparently  from  Eaft  to  Weft  in  the 
fame  Time,  making  the  Viciflitudes  of  Day  and  Night ;  and  this 
Earth,  together  with  its  Moon  moves  round  the  Sun  in  1  Year, 
or  365  Days  6  Hours  nearly,  producing  the  Seal'ons  of  the  Year, 
Winter ,  Summer,  Autumn ,  and  Spring. 

That  the  Earth  is  round  or  nearly  fo,  will  appear,  not  only  from 
the  Circular  Shadow  it  has  upon  the  Moon  when  that  Body  hap¬ 
pens  to  be  eclipfed  by  it,  but  alfo  from  the  very  Appearance  of  the 
Sea  ;  and  the  many  Obfervations  made  by  Perfons  ftanding  upon 
the  Shore,  and  viewing  a  Ship  departing  from  the  Port ;  they  firft 
lofe  fight  of  the  Bottom  of  the  Veflel,  whilft  they  can  ftill  fee  the 
Rigging  and  Flags  at  the  Top;  but  as  the  {hip  recedes  farther,  they 
lofe  fight  of  thofe  alfo,  as  if  the  Whole  were  funk  into  the  Deep. 
Likewife  in  a  Ship  making  to  Land  the  Mariners  firft  defcry  the 
Tops  of  Steeples,  Trees,  &c.  pointing  above  the  Water;  next, 
they  fee  the  Buildings  thetnfeives  ;  and  laftiy,  the  Shore,  which  can 
only  be  the  Effetts  of  the  Earth’s  Rotundity. 

Its  being  a  Globe,  is  alfo  confirmed  by  the  many  Voyages  which 
have  been  made  round  it,  from  Eaft  to  Weft:  Firft,  by  Magellan’s 
Ship  in  the  Years  1519,  1520,  1521,  in  1124  Days;  by  Sir  Francis 
Drake,  in  the  Years  1577,  1578,  1579,  1580,  in  i056Days;  and 
by  the  late  Lord  Anfon,  who,  on  the  15th  of  June,  1774,  finifhed 
his  long  voyage  of  near  4  Years. 

The  little  XJnevenefles  of  the  Earth’s  Surface,  arifing  from  the 
Hills  and  Vales,  is  no  material  Objection  to  its  being  confidered  as 
round ;  fince  the  higheft  Hill  or  Mountain  bears  not  fo  great  a 
Proportion  to  the  Bulk  of  the  Earth  itfelf,  as  the  little  rifings  upon 
the  Coat  of  an  Orange,  bears  to  the  Bignefs  of  that  Fruit. 

In  order  to  defcribe  the  Pofition  of  Places,  Geographers  have 
found  it  neceflary  to  imagine  certain  Circles  drawn  upon  the  Surface 
of  the  Earth,  to  which  they  have  given  the  Names  of  Equator , 
Meridian ,  Horizon ,  Parallels  of  Latitude,  ioc. 
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I.  The  Axis  is  a  ftraight  Line,  imagined  to  pafs  through  the 
Center  of  the  Earth ;  the  extreme  Points  are  the  Poles,  on  which 
the  Earth  is  fuppofed  to  move,  one  called  the  Artie,  or  North  Pole, 
the  other  the  Antartic,  or  South  Pole . 

II.  The  Equator  is  a  great  Circle  under -the  Equino&ial  Line  in 
the  Pleavens,  compaffing  the  Earth  in  the  Middle,  between  the  two 
Poles,  and  divides  it  into  two  Equal  Parts,  called  the  Northern  and 
Southern  Hemifpheres :  From  it  the  Latitude  of  Places  is  reckoned 
either  North  or  South  ;  and  on  it  is  counted  the  Degrees  of  Longi¬ 
tude  from  Eaft  to  Weft.  This  Circle  is  called  Equator,  becaule 
when  the  Sun  comes  to  it,  which  is  twice  a  Year,  viz.  about  the 
2 1  ft  of  Manh ,  at  his  Entrance  into  Aries,  and  again  into  Libra 
about  the  23d  of  September,  then  making  equal  Day  and  Night 
throughout  the  World. 

III.  The  Meridians  are  Circles  which  pafs  through  the  Poles  of 
the  Earth,  the  Zenith  and  Nadir;  crofting  the  Equator  at  Right 
Angles,  and  divides  the  Earth  into  two  equal  Parts,  one  Eaft  and 
the  other  Weft  ;  and  i,s  fo  called,  becaufe,  when  the  Sun  comes  to 
the  Meridian  of  any  Place,  it  is  then  Noon  or  Mid-day.  They  are 
infinite  in  Number  ;  for  all  Places  from  Eaft  to  Weft  have  their 
ieveral  Meridians ;  of  thefe  one  is  called  the  fi’ji  or  chief  Meridian, 
from  which  the  Longitude  of  Places  is  reckoned  ;  it  is  of  fpecial 
Note  and  Ufe,  but  variouflv  placed  by  Geographers,  fome  placing 
it  at  London,  others  at  Paris,  : fentrtff j  (Ac.  and  is  divided  into  twice 
go  Degrees,  numbered  from  the  Equator  towards  each  Pole  ending 
in  go  Degrees.  And  fince  the  Earth  turns  once  round  its  Axis  in 
24  Flours,  every  Point  upon  its  Surface  deferibing  a  Circle  of  3^0 
Degrees  in  that  Time,  therefore  any  Place  lying  15  Degrees  to  the 
Eaft  of  us,  has  the  Sun  upon  its  Meridian  one  Hour  i'ooner  ;  or  it  is 
twelve  o’C'iock  with  the  Eaftermoft,  when  it  is  eleven  with  us  ;  and 
any  Place  15  Degrees  to  the  AY  eft  ward  of  us,  has  the  Sun  one 
Hour  after  us. 

IV.  Latitude  is  the  neareft  Diftance  of  any  Place  from  the  Equa¬ 
tor,  it  is  me.. fared  cn  an  Arch  of  the  Meridian  intercepted  between 
the  Place  and  the  Equator,  and  therefore  can  never  exeeed  g©  De¬ 
grees.  It  takes  its  Name  according  as  the  Place  is  fituated,  either 
North  or  South  of  the  Equator ;  therefore  all  Places  that  lie  at 
the  fame  Diftance  from,  and  on  the  fame  Side  of  the  Equator,  are 
faid  to  be  under  the  fame  Parallel  of  Latitude.  AVfcence  it  follows, 
that  if  a  Ship  fails  from  a  North  Latitude  diredlly  North,  or  in  a 
Sou*h  Latitude  directly  South,  (he  increafes  her  Latitude  equal  to 
the  Diftance  failed  ;  and  if  a  Ship  fails  in  North  Latitude  Southerly, 
or  in  South  Latitude  Northerly,  fhe  decreafes  her  Latitude,  be¬ 
caufe  flie  fails  nearer  to  the  Equator ;  from  whence  the  Latitude  is 
counted  upon  the  Meridian  :  But  if  a  Ship  fails  from  a  South  La¬ 
titude  into  a  Northerly  one,  or  from  a  North  Latitude  into  a  South¬ 
erly  one,  from  the  Difference  of  Latitude  fub tract  the  Latitude  leit. 
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and  the  Ptemainder  will  be  the  Latitude  corrte  to  ;  and  of  a  different 
Name  with  the  Latitude  left. 

Parallels  of  Latitude  are  Circles  Parallel  to  the  Equator. 

The  Difference  of  Latitude  is  an  Arch  of  the  Meridian  contained 
between  the  two  Parallels  of  Latitude ;  or  it  is  the  lead  Diftance  of 
the  Parallels  of  Latitude  of  two  Places :  fhewing  how  far  one  of 
them  is  to  the  Northward  or  Southward  of  the  other,  and  can  never 
exceed  180  Degrees. 

V.  The  Longitude  of  any  Place  on  the  Earth  is  expreffed  by  an 
Arch  of  the  Equator,  firewing  the  Eaft  or  Weld  Diftance  of  the 
Meridian  of  that  Place,  from  l'ome  fixed  Meridian,  where  Longitude 
is  reckoned  to  begin. 

Difference  of  Longitude  is  an  Arch  of  the  Equator,  intercepted 
between  the  Meridian  of  two  Places,  fhewing  how  far  one  of  them 
is  to  the  Eaft  Ward  or  We  ft  ward  of  the  other. 

As  Longitude  begins  at  the  Meridian  of  fome  Place,  and  is 
counted  from  thence  both  Eaftward  and  Wcftward,  till  it  meets  at 
the  fame  Meridian  on  the  oppofite  Point ;  therefore  the  Difference 
of  Longitude  can  never  exceed  180  Degrees. 

VI.  The  Horizon  is  that  apparent  Circle  which  limits  or  bounds 
the  View  of  a  Spectator  on  the  Sea,  or  an  extended  Plain  ;  the  Eye 
of  the  Spectator  being  always  fuppofed  the  Center  of  his  Horizon. 
Every  Part  of  this  Circle  is  90  Degrees  from  the  Center  of  it  over 
our  Heads,  which  Point  is  called  the  Zenit’  ;  and  the  Point  of  the 
Heavens  oppofite  to  it,  or  under  our  Feet,  is  called  the  Nadir. 

When  the  Sun  or  Stars  come  above  the  Eaftermoft  Part  of  the 
Horizon,  they  are  faid  to  rife  ;  and  when  they  defccnd  the  Weftern 
Part,  they  are  faid  to  let. 

When  a  Ship  is  under  the  Equator  both  the  Poles  appear  in  the 
Plorizon,  and  in  Proportion  as  the  fails  towards  either,  or  increafes 
her  Latitude,  that  Pole  is  feen  proportionally  above  the  Horizon, 
and  the  other  difappears  as  much  ;  but  when  a  fhip  is  failing  to¬ 
wards  the  Equator,  or  decreafes  her  Latitude,  the  depreifes  the 
elevated  Pole  ;  that  is,  its  Diftance  from  the  Horizon  decreafes  : 
ccnfequently  the  Latitude  of  a  Place  is  always  equal  to  the  Elevation 
Pole  above  the  Idorizon. 

This  Circle  is  rcprefer.ted  by  the  Mariners  Compafs,  divided  into 
32  Points  or  Pvhumbs,  each  1 1°  15’. 

The  Tropics  are  two  Circles  parallel  to  the  Equator,  and  diftant 
from  it  23  Degrees  29  Minutes;  that  on  the  North  Side  of  it  is 
called  the  Tropic  of  Cancer  :  at  which  the  Sun  has  its  greateft  North 
Declination  ;  then  making  to  us,  and  all  Places  in  North  Latitude, 
the  longeft  Day  and  (horteft  Night,  which  is  about  the  2  ill  ot  Jane. 
The  other  on  the  South  Side  is  called  the  Tropic  of  Capricorn ,  at 
which  the  Sun  has  its  greateft  South  Declination,  making  then  our 
fhorteft  Day  and  longeft  Night;  which  is  about  the  22d  of 
December. 

The 
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The  Polar  Circles  are  alfo  parallel  to  the  Equator,  comparing  the 
Poles  of  the  World  at  23  Degrees  29  Minutes  Diftance  ;  that  about 
the  North  Pole  is  called  the  At  tic  Circle,  and  the  other  is  called  the 
Ant ar tic  Cn  c/r. 

Thefe  Tropics  and  Polar  Circles  divide  the  Globe  of  the  Earth 
into  5  Parts  called  Zones,  of  which  3  were  accounted  by  the  An¬ 
cients  to  be  fo  intemperate,  as  to  be  uninhabitable;  the  Zones  are 
called  Torrid,  Frigid,  and  Temperate-,  that  is,  1  Torrid,  or  Burning 
Zone,  2  Temperate,  and  2  Frigid,  or  Frozen  Zones. 

The  Torrid  Zone  is  all  that  Space  of  the  Earth  and  Sea  which 
lies  between  theTropics  of  Cancer  and  Capricorn,  and  is  47  Degrees 
broad  ;  its  Inhabitants  fee  the  Shadow  of  the  Sun  turn  fometimes  to¬ 
wards  one  Pole  and  fometimes  towards  the  other. 

The  Two  Temperate  Zones  are  thofe  Spaces  of  the  Earth  and  Sea 
contained  between  each  Tropic  and  the  Polar  Circles  ;  the  Inhabit¬ 
ants  of  the  North  Temperate  Zone  have  their  Shadows  at  Noonfall 
North,  and  thofe  of  the  South  Temperate  Zone  have  their  Shadows 
at  Noon  fall  South. 

The  Two  Frigid  Zones  are  contained  between  each  Polar  Circle  and 
its  Pole  ;  thole  who  inhabit  them  have  their  Shadow  always  turning 
round  them,  according  to  the  different  Motions  of  the  Sun. 

Climates  are  thofe  I  racts  of  the  Earth  bounded  by  imaginary  Lines 
running  parallel  to  the  Equator,  and  of  fuch  a  Breadth  from  South 
to  North,  that  the  Length  of  the  Artificial  Day  in  one,  furpaffes  that 
in  the  other  by  half  an  Hour. 

I  he  Inhabitants  of  the  Earth  are  diftinguifhed  by  the  feveral  Me¬ 
ridians  and  Parallels  under  which  they  live,  and  are  denominated 
either  PeriaA.  Anliaci,  or  Antipodes. 

The  P  cries  A  arc  thofe  People  of  the  Earth  who  live  under  the  fame 
Parallels,  but  oppofite  Meridians. 

The  Antiesci  are  thofe  People  of  the  Earth  who  live  under  the  fame 
Meridians,  but  oppofite  Parallels. 

The  Antipodes  are  fituated  direcfly  oppofite  to  each  other,  the  Feet 
of  the  one  direcfly  againlb  the  Feet  of  the  other,  lying  under  oppofite 
Parallels  and  oppofite  Meridians.  It  is  Midnight  with  one  when  it 
is  Noon  Day  with  the  other ;  the  longeft  Day  with  the  one  is  the 
fhorteft  with  the  other ;  the  Length  of  the  Day  with  the  one  is 
equal  to  the  other  s  Night  •,  and  the  Seafons  are  oppofite,  beingSum- 
mer  with  the  one  when  it  is  Winter  with  the  other. 

The  Real  Parts  are  Earth  and  Water  in  general,  divided  into  four 
Parts  or  Quarters,  called  Europe ,  Afia ,  Africa,  and  America  ;  each  of 
thefe,  and  confequently  the  whole  Globe,  is  divided  into  Continents, 
Iflands,  Seas,  &c. 

A  Continent  is  a  great  Quantity  of  Land  not  divided  by  the  Sea, 
wherein  are  feveral  Empires,  Kingdoms,  and  Countries  conjoined, 
as  Europe ,  Afia,  and  Africa  is  one  Continent,  and  America  another. 

An 
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An  If  and  is  a  Part  of  the  Earth  that  is  environed  or  encompaffed 
round  by  the  Sea,  as  Great  Britain  and  Ireland. 

A  Peninfula  is  a  Part  of  Land  almoft  furrounded  with  Water,  fave 
one  narrow  Neck  of  Land  which  joins  the  fame  to  the  Continent. 

An  IJlkmus  is  a  narrow  Neck  of  Land  joining  the  Peninfula  to  the 
Continent,  by  which  People  may  pafs  from  one  to  the  other. 

A  Promontory  is  a  high  Part  of  Land  ftretching  itfelf  into  the  Sea, 
the  Extremity  of  which  is  called  a  Cape  or  Headland. 

A  Mountain  is  a  rifing  Part  of  dry  Land  over-topping  the  adjacent 
Country,  and  appearing  firft  at  a  Diftance. 

The  Earth  being  encompafled  with  Water,  whofe  Walkings  in  fur¬ 
rounding  the  dry  Land  cut  and  lhape  many  winding  Bays,  Creeks, 
and  meandering  Inlets,  and  extending  itfelf  round  them  all,  is  but 
one  continued  Ocean. 

An  Ocean  is  a  vaft  Collection  of  Salt  Water,  feparating  Continents 
from  one  another,  and  walking  their  Borders  or  Shores. 

A  Sea  is  Part  of  the  Ocean  to  which  we  muft  fail  through  fome 
Strait,  as  the  Mediterranean  and  Baltic  Seas. 

A  Strait  is  a  narrow  Part  of  the  Ocean,  lying  between  two  Shores, 
and  opening  a  way  into  fome  Sea,  as  the  Straits  of  Gibraltar  that  lead 
into  the  Mediterranean  Sea,  and  the  Sound ,  which  leads  into  the 
Baltic  Sea. 

A  Creek  is  a  fmall  narrow  Part  of  the  Sea  or  River,  that  goes  up 
but  a  little  Way  into  the  Land. 

A  Bay  is  a  great  Inlet  of  the  Land,  as  the  Bay  of  Bifcay  and  the 
Bay  of  Mexico  ;  otherwife  a  Bay  is  a  Station  or  Road  for  Ships  to  an¬ 
chor  in. 

A  River  is  a  conliderable  Stream  of  Water- ilTuing  out  of  one  or 
various  Springs,  and  continually  gliding  along  in  one  or  more  Chan¬ 
nels,  till  ic  difeharges  itfelf  into  the  Ocean :  The  Idler  Streams  are 

called  Rivulets. 

A  Lake  is  that  which  continually  retains  and  keeps  Water  in  it,  as 
the  Lake  Zair,  in  Africa,  and  Nicaragua,  in  America. 

A  Gulph  is  a  Part  of  the  Ocean,  or  Sea,  contained  between  two 
Shores,  and  is  every  where  environed  by  Land  except  its  Entrance, 
where  it  communicates  with  other  Bays,  Seas,  or  Oceans. 

There  are  five  Oceans,  namely,  the  Northern ,  the  Atlantic ,  the 
Pa  ific,  the  Indian,  and  the  Southern. 

The  Atlantic  Ocean  is  ufually  divided  into  two  Parts,  one  called  the 
North  Atlantic  Ocean ,  and  the  other  the  South  Atlantic  or  Ethiopic 
Ocean. 

The  Noithern  Ocean  ftretches  to  the  Northward  of  Europe ,  A  fa, 
and  America ,  towards  the  North  Pole. 

The  Atlantic  Ocean  lies  between  the  Continents  of  Europe  and 
Africa  on  the  Eaft,  and  America  on  the  Weft. 

That  Part  of  tbe  North  Atlantic  Ocean  lying  betwen  Europe  and 
America,  is  frequently  called  the  We  fern  Ocean. 

E  ^  The 
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The  Pacific  Oceav,  or  as  it  is  fometimes  called,  the  South  Sea,  is 
bounded  by  the  Weftern  and  North-weft  Shores  of  America,  and  by 
the  Eaftern  and  North-eaft  (bores  of  Afia. 

The  In  ian  Ocean  wafhes  the  Shores  of  the  Eaftern  Coafts  of  Af<  ica, 
and  the  South  of  Ajia ,  and  is  bounded  on  the  Eaft  by  the  Indian 
Iflands  and  the  Southern  Continent. 

The  Southern  Ocean  extends  to  the  Southward  of  Africa  and  Ame¬ 
rica  towards  the  South  Pole. 


NAVIGATION. 

TiH  E  great  End  and  Bufingfs  of  Navigation  is  to  inftrucb 
the  Mariner  how  to  conduct  a  Ship  through  the  wide  and 
pathiefs  Ocean,  to  the  remoteft  Parts  of  the  World,  the  fafeft  and 
ihortcft  Way,  in  PatTages  navigable. 

For  the  due  and  regular  Performance  of  which  are  requifite — 
a  perfect  Knowledge  of  the  Figure  and  Motion  of  the  Earth, 
the  various,  real,  and  imaginary  Lines  upon  it,  fo  as  to  be  able  to 
afcertain  the  real  Diftance  and  Situation  of  Places  with  refpect  to 
one  another,  with  the  Ufe  of  the  leveral  Inftruments  made  ufe 
pf  in  m.eafuring  the  Ship’s  Way;  fuch  as  the  Log,  Half-minute 
Glafs,  Quadrant,  to  take  the  Altitude  of  the  Sun  and  Stars ; 
Compafs,  to  represent  the  fenfible  Horizon ;  and  Azimuth  Corr.- 
pafs,  to  take  the  Azimuth  or  Amplitude  of  the  Sun,  in  order  to 
know  the  Variation  of  the  magnetic  Needle  ;  Maps  or  Charts  of 
the  Seas  and  Lands,  together  with  the  Depth  of  Water,  and  the 
Times  and  Settings  of  the  Tides  upon  the  Coafts  he  may  have 
occafion  to  approach  near  ;  a  competent  Knowledge  of  Currents  ; 
pf  the  Mould  and  Trim  of  the  Ship,  and  the  Sail  (he  bears,  that  fo 
due  Allowance  may  be  made  for  Lee-wav:  Bv  Flelp  of  thefe, 
and  Skill  in  the  Navigator,  he  may  know  at  all  Times  the  Place 
the  Ship  is  in,  which  Way  he  mult  fteer,  and  how  far,  to  gain  his 
intended  Port. 

Notwithftanding  what  has  been  faid,  it  may  net  be  improper  here 
to  obferve,  that, 

As  Latitude  is  counted  from  the  Equator  upon  an  Arch  of  the 
Meridian,  North  and  South,  the  Difference  of  Latitude  between 
two  Places,  both  North  of  both  South,  is  found  by  fubtracting  the 
leffer  Latitude  from  the  greater ;  but  if  one  Latitude  be  North  and 
the  ether  South,  the  Difference  is  found  by  adding  both  Latitudes 
together. 

Confequently,  if  a  Ship  in  North  Latitude  fails  Northerly,  or  in 
South  Latitude  Southerly,  (he  increafeth  her  Latitude ;  but  in 

North 
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North  Latitude  failing  Southerly,  or  in  South  Latitude  failing 
Northerly,  fhe  decreafeth  her  Latitude  ;  becaufe  fhe  fails  nearer  to 
the  Equator,  from  whence  the  Latitude  is  reckoned. 

Wherefore  in  North  Latitude  failing  Northerly,  or  in  South  La¬ 
titude  failing  Southerly,  the  Difference  of  Latitude  added  to  the  La¬ 
titude  left,  gives  the  Latitude  in. 

In  North  Latitude  failing  Southerly,  or  in  South  Latitude  failing 
Northerly,  the  Difference  of  Latitude  fubtradted  from  the  Latitude 
left,  gives  the  Latitude  in. 

When  the  Latitude  decreafes,  and  the  Difference  of  Latitude  is 
greater  than  the  Latitude  failed  from,  fubtradl  the  Latitude  left  from 
the  Difference,  and  the  Remainder  will  be  the  Latitude  in,  and  of  a 
different  Name  *,  for  it  is  plain  in  this  Cafe  that  the  Ship  has  croffed 
the  Equator. 

As  the  Longitude  is  counted  from  the  firft  Meridian  Eaft  and 
Weft,  until  it  comes  to  the  oppofite  Meridian,  and  therefore  it  cannot 
exceed  180  Degrees. 

The  Difference  of  Longitude  between  two  Places,  being  both  Eaft 
«r  Weft,  is  found  by  fubtradfing  the  leffer  Longitude  from  the  greater ; 
but  if  one  be  in  Eaft  Longitude  and  the  other  in  Weft,  their  Sum  is 
the  Difference  of  Longitude. 

Therefore  in  Eaft  Longitude  failing  Eafterly,  or  in  Weft  Longi¬ 
tude  failing  Wefterly,  the  Difference  of  Longitude  added  to  the 
Longitude  left,  gives  the  Longitude  in. 

In  Eaft  Longitude  failing  Wefterly,  or  in  Weft  Longitude  failing 
Eafterly,  the  Difference  of  Longitude  fubtradted  from  the  Longitude 
left,  gives  the  Longitude  in. 

When  a  Ship  fails  Eaft  or  Weft  until  fhe  paftes  the  oppofite  Me¬ 
ridian  or  1 8c  Degrees,  fhe  changes  her  Longitude,  or  comes  into  a 
Longitude  of  a  different  Name. 

What  has  been  faid  will  be  rendered  familiar  to  the  Learner  by  the 
following  Examples. 


Ex  amp.  I.  What  is  the  D’fference 
ofLatitude  be  wen  London  in  La¬ 
titude  500  32'  N  and  Rome  in 
Latitude  41 0  54'  N. 

From  London’s  Lat.  jctjzN. 
Subtradl  Rome’s  Lat.  41  :  54N. 

Rem.  the  Diff.  of  Lat.  9  :  38 

60 


Examp.  II.  A  Ship  from  Latitude 
290  1 Y  S.  fails  Southward  un¬ 
til  her  Difference  of  Latitude  be 
374  Miles,  what  Latitude  is  fhe 
come  to  ? 

Lat.  failed  from  29  :  17  S. 

Diff  of  Lat.  374-^-60  6:14  s. 

Lat.  in  —  —  35:31s. 


Diff.  in  Miles  —  578 


Examp. 
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Examp.  III.  Required  the  Dif¬ 
ference  of  Latitude  between  Cape 
Finefterre  and  Cape  Rogue  ? 

Cape  Finefterre’s  Lat.  43  :  1 2  N. 
Cape  Rogue’s  Lat.  5  :  00  S. 

DifF.  of  Lat.  48:12 

60 


Examp.  IV.  A  Ship  from  Latitude 
8°  25'  N.  fails  South  600  Miles, 
what  Latitude  is  Ihe  in  ? 

From  Diff  of  Lat.  600 

Miles,  or  —  10  :  00  S. 

Sub.  Lat.  left  8  :  25  N. 

Diff.  Lat.  in  1:35  s. 


Diff.  in  Miles  2892 


In  the  laft  Example  it  is  plain,  that  as  the  Difference  of  Latitude  is 
more  than  the  Latitude  left,  the  Ship  muff  have  croffed  the  Equator, 
and  confequently  come  into  South  Latitude.  Note:  When  one  of 
the  Places  has  no  Latitude,  or  is  on  the  Equator,  then  the  Latitude  of 
the  other  Place  is  their  Difference  of  Latitude. 


Examp.  V.  What  is  the  Difference 
of  Longitude  between  Cape  Fi¬ 
nefterre  and  Antigua  ? 

Cape  Finefterre’s  Long.  9  :  40  W. 
Antigua’s  Long.  61:45  W. 

Diff.  of  Long.  52  :  5 

60 


Diff.  of  Long,  in  Miles  312; 


Examp.  VII.  What  is  the  Dif¬ 
ference  of  Longitude  betwee  Bar¬ 
celona  and  the  Rock  of  Lilbon  ? 
Barcelona’s  Long.  2  :  18  E. 

Rock  of  Lifijon  Long.  9  :  50W. 

Diff.  of  Long.  12:8 


Examp.  IX.  W’hat  is  the  Dif¬ 
ference  of  Longitude  between  the 
S.  E.  Point  of  Japan  and  St. 
Chriftophers  ? 

S.  E.  Point  of  Japan’s  L.  140  :  30  E. 
St.  Chrift.  Long.  £>z  :  40W. 

Exceeds  1800  oo/  203  :  10 

360  :  co 

Diff  of  Long.  156  :  50 


Examp.  VI.  A  Ship  from  Cape 
Charles  in  Virginia  fails  Welt- 
ward  till  her  Difference  of  Lon¬ 
gitude  be  400  Miles,  what  Lon¬ 
gitude  is  (he in  ? 

Cape  Charles  Long.  76  :  7  W. 

Diff  of  L.  400  Miles  =  6  :  40  W. 

Long,  in  82;47W. 


Examp.  VIII.  A  Ship  from  1  50  40' 
E.  Longitude  fails  Weftward  till 
her  Difference  of  Longitude  be 
270  15',  what  Longitude  is  Ihe 
in  ? 

Long,  left  i5:4oE. 

Diff.  of  Long.  27  :  15W. 

Long,  in  1 1  :  3 ;  W. 


Examp.  X.  A  Ship  from  Longitude 
j6o°  20' W.  fails  Weftward  un¬ 
til  Ihe  differs  her  Longitude 
41 0  20',  what  Longitude  is  Ihe 
in  ? 


Long,  left 

0 

N 

O 

Diff.  of  Long. 

41  :  20  W. 

20 1  :  40 

360  :  00 

Long,  in 

158  :  20 

Here  it  Is  plain  that  the  Ship  has 
croffed  the  oppofite  Meridian,  and 
therefore  has  come  into  a  Longitude 
of  a  different  Name. 
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In  failing  due  North  or  South,  the  Ship  changes  her  Latitude 
>nly ;  and  failing  Eaft  or  Weft  her  Longitude  •,  but  failing  upon  any 
)ther  Courfe,  (lie  muft  change  both  Latitude  and  Longitude. 

Eafting  or  Welling  in  Plain  Sailing  is  called  Departure  or  Me¬ 
ridian  Difhnce. 

The  Inftrument  ufed  in  meafuring  a  Ship’s  Way  at  Sea,  is  the 
Log. 

Ships  at  Sea  are  direfted  from  one  Place  to  another  by  means  of 
an  Inftrument  called  the  Mariner’s  Compafs. 

The  Mariner's  Cosnpafs  is  an  Artificial  Reprefentation  of  the 
Horizon  of  every  Place  by  the  Means  of  a  Circular  Piece  of  Paper, 
called  a  Card,  divided  like  the  Horizon  into  Degrees  and  Points, 
which  are  called  Rhumbs.  Now  the  Card  being  properly  fixed  to 
a  Piece  of  Steel  called  the  Needle,  that  has  been  touched  with  a 
Loadftone  (whofe  Property'.is  fuch  as  to  caufe  one  End  of  the  Needle 
fo  touched,  to  point  towards  the  North  when  turning  freely  on 
fomething  fupporting  it)  all  the  Points  of  the  Card  will  be  directed 
towards  the  correfponding  Points  of  the  Horizon. 
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Hence  it  follows  that  in  every  Place  the  North  Point  of  the 
Card  {hews  the  Pofition  of  the  Meridian  at  that  Place,  and  fome 
one  Rhumb  or  Point  of  the  Card  will  coincide  with,  or  be  directed 
along  the  Track  that  makes  any  given  Angle  with  the  Meridian: 
confequently,  by  the  Help  of  the  Card  or  Compai's,  a  Ship  may  be 
kept  in  any  propofed  Track  or  Courfe. 

A  Rhumb  Line  is  a  Right  Line  drawn  from  the  Center  of  the 
Compafs  to  the  Horizon,  and  is  named  from  that  Point  of  the 
Horizon  it  falls  in  with. 

The  Courfe  is  the  Angle  which  any  Rhumb  Line  makes  with  the 
Meridian,  and  is  fometimes  reckoned  in  Degrees,  and  fometimes  in 
Points  of  the  Compafs ;  fo  that  if  a  Ship  fails  upon  the  fecond 
Rhumb,  or  N.  N.  E.  the  Courfe  is  22  Degrees  30  Minutes  :  And 
fo  for  any  other,  as  in  the  following  Table,  which  the  Learner 
fhould  be  fo  well  acquainted  with,  or  the  Compafs,  as  to  Be  able  rea¬ 
dily  to  tell  how  many  Points  any  Courfes  or  Rhumbs  are  diltant 
from  the  Meridian,  or  from  the  Parallel. 


A 
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A  Table  of  the  Angles  which  every  f  Point  of  the  Compafs  makes  with 

the  Meridian. 


North. 

South. 

Points.  , 

D.  M. 

North. 

South. 

N.  by  E. 

S.  by  E. 

I 

4 

I 

a 

3 

4 

I 

2-49 

V37 

8  26 
11.15 

N.  by  W. 

S.  by  W. 

N.  N.E. 

S.  S.  E. 

1  i 

1  T 
»  1 

2 

14.  4 
16.52 

I9-4I 

22.30 

N.  N.  W. 

S.  s.  w. 

N.E.byN 

S  E.  byS. 

^  i  ■ 

2  i 

2  f 

3 

25.19 

28.  7 
30.56 

33  45 

N.W.byN. 

S.W.bvS 

N.  E. 

S.  E. 

3  i 

3  T 

3  1 

4 

36.34 
39.22 
42. 1 1 

45 

N.  W. 

s.  w. 

N.E.byE. 

S.E.byE. 

4  i 

4  T 

4  1 

5 

47 ‘49 
5°‘3  7 
53.26 

56  15 

N.W.byW. 

S.WbyW 

E.  N.  E. 

E.  S  E. 

5  i 

5  t 

£  1 

6 

59-  4 

61.52 

94,42 

67.50 

W.  N.  W. 

W.  S.  W. 

E.  by  N. 

E.  by  S. 

6  1 

6  4 

6  1 

7 

70,I9 
73*  7 
75-56 

78.45 

W.  by  N. 

W.  by  S 

Eaft. 

7  1 

7  i 

7  I 

8 

81  -34 
84.22 
87.11 

90.  0 

Weft. 

* 

P 
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PLANE  SAILING. 

PLANE  SAILING,  is  the  Art  of  Navigating  a  Ship 
upon  Principles  deduced  from  the  Notion  of  the  Earth’s  being 
an  extended  Plane  ;  and  is  no  more  than  the  Application  of  Plane 
Trigonometry  to  the  Solution  of  the  feveral  Variations,  or  Cafes  ; 
where  the  Hypothenufe,  or  Iongefl  Side,  is  always  the  Rhumb  that 
the  Ship  fails  upon. 

The  Perpendicular  is  the  Difference  of  Latitude  counted  on  the 
Meridian,  and  the  Bafe  the  Departure  :  which  is  either  Eaftir.g  or 
Welling,  counted  from  the  Meridian. 

The  Angle  oppofite  the  Bafe  is  the  Courfe,  or  Angle  that  the 
Ship  makes  with  the  Meridian;  and  the  Angle  oppofite  the  Per¬ 
pendicular  is  the  Complement  of  the  Courfe,  which  being  taken 
together,  make  always  eight  Points  or  Rhumbs,  which  ib  90  Degrees. 

In  conflrudting  Figures  relating  to  a  Ship’s  Courfe,  let  the  upper 
Part  of  the  Paper,  or  what  the  Figure  is  drawn  upon,  always  repre- 
fent  the  North  ;  the  lower  Part  will  be  the  South ;  the  Right  Hand 
Ealt ;  and  the  Left  Weft. 

Draw  the  North  and  South  Line  to  reprefent  the  Meridian  of 
the  Place  the  Ship  fails  from;  then  if  the  Ship’s  Courfe  is  to  the 
Southward,  mark  the  upper  end  of  the  Line  for  the  Place  failed 
from ;  but  if  the  Courfe  is  Northward,  mark  the  lower  End  for 
that  Place. 

When  the  Courfe  is  Eafterly,  deferibe  the  Arch,  and  lay  off  the 
Courfe  and  Departure  on  the  Right  Hand  Side  of  the  Meridian,  but 
when  Wefterly  on  the  Left  Hand  Side. 

When  the  Courfe  is  given  in  Degrees,  the  Degrees  expreffing  it 
muff;  be  taken  from  the  Line  of  Chords ;  but  when  in  Points  from 
the  Line  of  Rhumbs  ;  and  is  always  to  be  laid  off  upon  the  Arch, 
beginning  at  the  Meridian. 

When  the  Courfe  is  given  in  Points,  it  may  be  fet  down  with  its 
correfponding  Logarithm  in  Points  in  the  Calculation,  as  found  in 
the  firft  Page  of  the  Logarithms,  without  reducing  it  into  Degrees, 
as  it  feems  altogether  unneceffary. 

In  all  Cafes,  wherever  the  Complement  Courfe  is  ufed,  the  De¬ 
grees  or  Points  put  down  is  the  Courfe  itfelf :  yet  the  Logarithm 
belonging  to  the  Complement  of  that  Courfe  is  taken. 
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CASE  I. 

Coitrfc  and  Difiance  failed  given,  to  find  the  Difference  of  Latitude  and 
the  Departure  from  the  Meridian. 


Suppofe  a  Ship  from  the  Lizard  in  the  Latitude  of  490  57' North, 
fails  .S.  W.  by  W.  496  Miles 3  required  the  Latitude  come  to,  and 
her  Departure  from  the  Meridian  ? 

By  PROJECTION. 

Draw  the  Meridian  or  Difference  of  Latitude,  with  the  Chord  of 
fo°  in  your  Compaffes,  and  one  Foot  in  C,  defcribe  an  Arch,  take 
56°  15'  or  5  Points  in  your  Compaffes,  and  lay  off  that  Diftance  upon 
the  Arch  from  B  C  towards  C  A ;  through  the  Point  where  it  cuts, 
drawthi  Diftance  C  A;  upon  which  fet  off  496:  from  A  let  fall  the 
Perpendicular  A  B  the  Departure,  and  it  is  done.  For  A  B  being 
meafured  on  the  fame  Scale  that  A  C  was,  will  give  the  Departure 
412.4,  and  3C  275.6  the  Difference  of  Latitude. 

Thefe  directions  well  underftood,  will  be  fufficient  to  inftrudt  the 
Learner  how  to  project  any  Cafe  in  Plane  Sailing.  Shall  only  for 
the  future  refer  to  the  Problems  of  Geometry  upon  which  they  de¬ 
pend,  and  confequently  their  conftrudtion  will  be  the  fame. 

c 


The.  Calculation  is  the 
fame  as  Problem  I.  in 
Tr  IGONOMETRY. 

I  fhail  work  this  Cafe 
by  making  each  Side  Ra- 
dius. 

V  ■  ' 


By  making  the  Departure  Radius,  the  Proportions  will  be. 

The  Coarfe  being  5  Points  =  if  The  Cc-courfe  is  5  Points  =  33°  45' 


As  bee.  tom.  Lou.  5  Pts.  10  08014 
Is  to  the  Diftance  496  2.69548 

So  is  Radius  or  8  Points  10  cocco 


r  2.69548 
10  08015 

To  the  Departure  41 2.4  2.61533 

G 


As  Sec  Com.  Lou.  5  Pts.  10.08015 
Is  to  the  Diftance  496  2.69548 

So  is  Tan.  Co  cou.  5  Pts.  982489 


1 2.52037 
10.08015 

To  the  Diff.  of  Laf.275.6  2.44022 
2  Now 


52  PLANE  SAILING. 

Now  as  the  Ship  is  in  North  Latitude  failing  Southerly  ;  from  the 

Latitude  left,  -  -  -  490  57' 

Subtract  the  Difference  of  Latitude  reduced  into  Degrees  by  di-  4  35 

viding  by  60,  becaufe  60  Miles  make  a  Degree,  it  will  make  - - 

the  Latitude  come  to  -  -  45  22 

And  her  Departure  from  the  Meridian  is  412  Miles  Weft.  — —  - 


By  making  the  Difference  of  Latitude  Radius,  it  will  be. 


As  Sec.  Courfe  5  Pts.  10.25526 
Is  to  the  Diftance  496  2.69^48 

So  is  Radius  10.00000 


1 2.69548 
10.25526 

To  the  DifF.  of  Lat.  275.6  2.44022 


As  Sec.  Courfe  5  Pts.  10.25526 
Is  to  the  Diftance  496  2  69548 

So  is  Tan.  Courle  5  Pts.  10.175  11 

12.87059 

10.25526 

To  the  Departure  412.4  2.61533 


By  making  the  Diftance  Radius,  it  will  be. 


As  Radius  - 

10.00000 

As  Radius  -  10  cccco 

Is  to  the  Diftance  496 

2.6954S 

Is  to  the  Diftance  496  2.69548 

So  is  Sir.e  Courfe  5  Pts. 

9'9l9*S 

So  is  S.  Com.  Cou.  5  Pts.  9.74474 

12  61533 

1 2.44022 

10.00000 

IO.OCOC3 

Te  the  Departure  4124 

2.61533 

To  the  DifF.  ofLat. 275.6  2.44022 

Here,  all  the  three  Sides  are  made  Radius,  to  find  the  Difference 
of  Latitude  and  Departure  ;  therefore,  the  Learner  may  make  which 
Side  Radius  he  pleafes,  but  as  for  my  Part,  I  fhall  make  the  laft, 
where  the  Diftance  is  made  Radius,  whenever  the  Courfe  is  given. 

Though  this  Method  of  working  by  Logarithms  is  certain,  yet 
the  fame  may  be  wrought  by  Gunters  Scale  and  Compafles  much 
more  expeditious  5  and  exact  enough  in  the  PradHce  of  Navigation. 

Note.  When  the  Courfe  is  given  in  Points,  make  ufe  of  the 
Lines  marked  Sine-rhumbs,  and  Tangent- rhumbs  on  the  upper  Side 
of  the  Scale  ;  when  in  Degrees  make  ufe  of  the  Lines  marked  Sine 
and  Tangent. 

By  GUNTER. 

Now  to  perform  the  laft  Cafe,  extend  from  Radius  or  8  Points, 
to  5  Points  on  the  Line  marked  S  R ;  that  Extent  will  reach  from 
the  Diftance  496  to  the  Departure  412.4  on  the  Line  of  Numbers. 
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2clly.  ‘  Extend  from  Radius  or  8  Points  to  3  Points,  (the  Com¬ 
plement  of  the  Courfe)  on  the  Line  S  R ;  that  Extent  will  reach 
from  the  Diftance  496  to  the  Difference  of  Latitude  275.6  on  the 
Line  of  Numbers 

Thus  may  all  the  Operations  be  performed  in  the  feveral  Cafes  of 
Navigation. 

By  this  Cafe  is  calculated  the  Tables  of  Latitude  and  Departure 
for  every  Degree,  Point,  and  Quarter  Point  of  the  Mariner’s  Com- 
pafs  to  the  Diftance  of  300  Miles,  which  is  of  excellent  Ufe  in 
working  Days  Works  at  Sea,  and  may  be  applied  both  to  Middle  La¬ 
titude  and  Mercator’s  Sailing,  as  {hall  be  fhewn  hereafter  ;  we  fhall 
only  proceed  now  to  the  Working  of  the  laft  Cafe  by  the  Table  of 
Difference  of  Latitude  and  Departure,  which  is  called  working. 

By  INSPECTION. 

Find  the  given  Courfe  at  the  Top  or  Bottom  of  the  Tables, 
either  among  the  Points  or  Degrees,  and  in  that  Page,  and  right 
againft  the  Diftance  taken,  in  its  Column,  ftand  the  Difference  of 
Latitude  and  Departure  in  their  Columns. 

Thus  the  Courfe  is  S.  W.  by  W. .  or  5  Points  which  I  find  at  the 
Bottom  of  the  Table  of  Difference  of  Latitude  and  Departure  for 
Points ;  and  as  my  Diftance  496  is  too  great  to  be  found  in  the 
Tables,  I  divide  it  by  two  (or  any  other  convenient  Number)  and 
that  gives  248,  which  I  look  for  in  the  Diftance  Column,  and  right 
againft  it  ftands  137.8  for  the  Difference  of  Latitude,  and  206.2  for 
the  Departure,  which  being  doubled,  (becaufe  divided  by  2)  gives 
275.6  for  the  Difference  of  Latitude,  and  412.4  for  the  Departure, 
the  fame  as  before.  Any  of  thefe  Methods  will  do,  but  the  laft  is 
chiefly  pradtiled  at  Sea. 

CASE  II. 

Courfe  and  Difference  of  Latitude  given,  to  find  the  Diffance  run ,  and 
Departure  from  the  Meridian. 

If  a  Ship  runs  S.  E.  by-  E.  from  i°45'  North  Latitude,  and  then 
by  Obfervation  is  in  2°50/  South  Latitude,  what  is  her  Diftance  and 
Departure  ? 

Now  in  this  Cafe  as  the  Ship  has  croffed  the  Equator,  therefore 
the  Latitude  i°45'  N.  added  to  2°50/  S.  is4°35',  which  multiplied 
by  60  gives  275  Miles  for  the  Difference  of  Latitude. 


Conftrufted  the  fame  as  Problem 
VII.  in  Geometry. 


CourG 
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Courfe  S.  E.  by  E.  5  Pts.=56ci5' 

As  S.  Com.  Cou.  5  Points  9.74474 
Is  to  the  Diff. of  Lat.  275  2.43933 

SoisS.  Courfe  5  Points  9.91985 


12.35918 

9*74+74 


To  the  Departure  41 1.6  2.61444 


Complement  3  Pts.  =  33°4;' 

As  S.  Com.  Cou.  5  Points  9.74474 
Is  to  the  Diff.  of  Lst.  275  2.43933 
So  is  Radius  ro. 00000 


12*43933 

9*74474 

To  the  Diftance  495  2.69459 


Hence  the  Ship’s  Diftance  run  is  495  Miles,  and  her  Departure 
from  the  Meridian  is  41 1.6  Eafterly. 


By  GUNTER. 

*  Extend  from  3  Points  to  5  on  the  Line  marked  S  R,  that 
Extent  will  reach  from  the  Difference  of  Latitude  275  to  the  Depar¬ 
ture  41 1.6  on  the  Line  of  Numbers' 

2dly.  ‘  Extend  from  Radius  or  8  Points  to  3  Points,  that  Extent 
will  reach  from  the  Difference  of  Latitude  275  to  the  Diftance  495 
on  the  Line  of  Numbers' 

By  INSPECTION. 

As  the  Difference  of  Latitude  275  is  too  great  to  be  found  in  the 
Tables,  I  divide  it  by  5,  and  that  gives  55,  which  I  find  over  5 
Points,  in  the  Latitude  Column ;  againft  that  Hands  90  for  the  Dif¬ 
tance,  and  82.3  for  the  Departure,  which  being  multiplied  by  5  is 
405  the  Diftance,  and  41 1.5  the  Departure,  nearly  as  before. 

CASE  III. 

Courfe  and  Departure  from  the  Meridian  given,  to  find  the  Dljlar.ce  and. 

Difference  of  Latitude. 

If  a  Ship  fails  N.  E.  by  E.  ~  E.  from  a  Port  in  30  1 5 '  South  Lati¬ 
tude,  until  (lie  depart  from  her  firft  Meridian  412  Miles,  I  demand 
her  Diftance,  and  what  Latitude  fhe  is  in  ? 


Conftructed  the  fame  as  Problem  VII. 
in  Geometry. 


The 
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The  Courfe  5  £  Pts.  r=  64°  41' 

As  S.  Courfe  5'!  Points  9,95616 
Is  to  the  Dep.  412  2.61490 

So  is  S.  Com.  Cou.  _5^Pts.  9.63099 


12.24589 

9.95616 

To  the  Diff.  of  Lac.  194.8  2.28973 
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The  Comple.  2  £  Pts.  =  250  19 

As  S.  Courfe  5  Points  9.95616 
Is  to  the  Dep.  412  2.61490 

So  is  Radius  10.00000 


.  12.61490 

9  95616 

To  the  Diflance  455 .8  2.65874 


From  the  Latitude  left  - -  -  30  15'  S. 

Subtract  the  Difference  of  Latitude  195  Miles,  or  - •  3  15  N. 

The  Remaind.  being  nothing,  fhevvs  the  Ship  is  on  the  Equator,  o  co 


By  GUNTER. 

*  Extend  from  5  £  Points  to  2  £  on  the  line  marked  S  R,  that 
Extent  will  reach  from  the  Departure  412  to  the  Difference  of 
Latitude  194.8  on  the  Line  of  Numbers .’ 

2dly.  ‘  Extend  from  Pvadius  to  5  £  Points,  that  Extent  will  reach 
from  the  departure  412  to  the  Diftance  455.8  Miles.’ 


By  INSPECTION. 

With  the  Courfe  5  £  Points,  and  £  the  Departure,  I  find  228  for 
the  Diftance,  and  97.5  for  the  Difference  of  Latitude,  which  being 
doubled,  gives  the  Diftance  456,  and  the  Difference  of  Latitude 
195,  as  before. 

C  A  S  E  IV. 

Diftance  and  Difference  of  Latitude  given ,  to  find  the  Courfe  and 

Departure. 

Suppofe  a  Ship  fails  496  Miles,  between  the  South  and  the  Weft, 
from  a  Port  in  20  48'  South  Latitude,  and  then  by  Obfervation  is 
in  70  if  South  Latitude  ;  what  Courfe  has  fhe  fteered  and  what 
Departure  has  Ihe  made  ? 


( 


Conftrucled 


5^ 
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Conftructed  as  Problem  VIII.  in 
Geometry. 


From  the  Latitude  by  Obfervation  70  23'  take  2°  48'  the  Latitude 
left,  the  Remainder  40  35',  multiply  by  60  =  275,  the  Miles  or  Mi¬ 
nutes  of  Difference  of  Lat. 


As  the  Diftance  496 

2.691:48 

As  Radius 

10.00000 

Is  to  Radius 

1  o.oocoo 

Is  to  the  Diftance  496 

2.691:48 

So  is  the  Diff.  of  Lat.  275 

2  *4-393  3 

So  is  S.  Courfe  56°  zq 

9  92027 

12-43933 

1  2.61575 

2.69548 

10.00000 

To  S. Com.  Courfe  56°  20' 

'  9-743s5 

To  the  Departure  412  8 

2.61575 

Hence,  the  Courfe  is  S.  E.  by  E.  and  the  Departure  412.8  Miles. 


By  GUNTER. 

*  The  Extent  from  the  Diftance  496  to  the  Difference  of  Latitude 
275  on  the  Line  of  Numbers,  will  reach  from  R.adius  or  90°  to 
33°  40'  the  Co-courfe  on  the  line  of  Sines' 

‘  And  the  Extent  from  Radius  to  56°  20'  on  the  Line  of  Sines, 
will  reach  from  the  Diftance  496  to  the  Departure  412.8  on  the  Line 
of  Numbers' 

By  INSPECTION. 

"With  \  the  Diftance  248,  and  \  the  Difference  of  Lat.  137.5 
look  in  the  Tables  till  they  are  found  to  agree  in  their  refpedfive 
Columns,  which  they  do  nearly  over  5  Points,  againft  which  ftands 
206.2  for  the  Departure,  and  being  doubled,  give  412.4,  nearly  as 
before. 

CASE  V. 

Difiance  and  Departure  'given,  to  find  the  Courfe  and  Difference  of 

Latitude. 

Admit  a  {hip  fails  496  Minutes  between  the  North  and  Weft 
from  the  Ifland  Bermudas  in  Latitude  320  25'  North,  until  her 
Departure  is  412  Miles,  what  Courle  has  (he  fteered,  and  what  La¬ 
titude  is  fhe  in  ? 


As 


I 


PLANE  SAILING.  57 

As  the  Diftance  496  2.69548  As  Radius  10  ocooo 

Is  to  Radius  io.oooco  Is  to  the  Diftance  496  2.69548 

So  is  Departure  412  2.61490  So  is  the  S. Com. Co.  56  10  9.74568 


12.61490  12.44116 

2.69548  IO.OCOCO 


To  the  S.  of  Courfe  56°  10'  9.91942  To  the  Diff.  of  Lat.  276.1  2  44116 


Hence  the  Courfe  is  N.  56°  10'  W.  or  N.  W.  by  W.  _ 

To  the  Latitude  failed  from  32?  25'  add  the  Difference  of  Latitude 
276,  or  40  36'’,  gives  37°  P,  the  Latitude  the  Ship  is  in. 

By  GUNTER. 

«  Extend  from  the  Diftance  496  to  the  Departure  412  on  the 
Line  of  Numbers,  that  Extent  will  reach  from  Radius  to  the  Courfe 

56°  io/  on  the  Line  of  Sines.’  r 

‘  2dly.  Extend  from  Radius  to  the  Complement  of  the  Courle 
330  co'  on  the  Line  of  Sines,  that  Extent  will  reach  from  the  Dif¬ 
tance  496  to  the  Difference  of  Latitude  276  on  the  Line  of  Num. 

By  INSPECTION. 

With  4  the  diftance  248,  and  4  the  Departure  206,  I  look  m  the 
Tables,  and  find  them  to  agree  in  their  Columns  nearly  oyer  5  Points, 
againft  which  is  Latitude  137.8,  which  being  doubled,  is  275.6,  the 
Difference  of  Latitude,  nearly  as  before. 

CASE  VI, 

Difference  of  Latitude  and  Departure  given,  to  find  the  Courfe ,  and, 

Dijiance. 

A  Ship  fails  between  the  North  and  Weft  till  her  Difference  of 
Latitude  is  184  Miles,  and  her  Departure  is  1 15  Miles,  I  demand 
her  Courfe  and  Diftance  ? 


Conftrudted  as  Problem  IX.  in  Geometry. 


X 


H 


Asi 
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As  the  Diff.  of  Lat.  184  2.264.82 

Is  to  Radius  10.00000 

So  is  the  Departure  1 1 5  2.06070 

12.06070 
2  26482 

To  theTan.of  the  Cou.  320  9.79588 


As  Radius  lo.cooco 

Is  to  the  Diff.  of  Lat.  184.  2.26482 
So  is  Sec.  of  the  Cou.  320  10.07158 

12.33640 

10.00000 


To  the  Diftance  217  2.33640 


Hence  her  Courfe  is  North  32°  Wefterly,  and  Diftance  failed 
217  Miles. 


By  G  U  N  T  E  R. 

*  Extend  from  the  Difference  of  Latitude  184  to  the  Departure 
1 15  on  the  Line  of  Numbers ,  that  Extent  will  reach  from  Radius  or 
45 u  to  the  Courfe  32 0  on  the  Line  of  Tangents. 

2dly.  ‘  For  the  Diftance  we  muft  confider  it  as  Radius  (there  be¬ 
ing  no  Line  of  Secants  on  the  Scale)  and  extend  from  Radius  or  90° 
to  the  Courfe  320  on  the  Line  of  Sines ,  that  Extent  will  reach  from 
the  Departure  115,  to  the  Diftance  21  7  on  the  Line  of  Numbers' 


By  INSPECTION. 

Seek  in  the  Tables  till  the  given  Difference  of  Latitude  184  and 
Departure  115  are  found  together  in  their  refpecfive  Columns  ;  then 
right  againft  them  will  be  found  the  Diftance  217  in  its  Column, 
and  the  Courfe  Hands  among  the  Degrees  at  the  Top  or  Bottom  of 
the  Column  where  the  Difference  of  Latitude  and  Departure  were 
found  ;  which  in  this  Cafe  is  under  32^,  the  Courfe  required. 

The  fix  foregoing  Problems  are  the  common  Cafes  of  Plane 
Sailing,  which  the  Learner  ought  to  be  well  acquainted  with  ;  and 
for  that  End,  I  here  add  fix  more  for  Pra£lice,  whofe  Anfwers  may 
be  found  by  the  foregoing  Rules. 

Quejlion  I.  A  Ship  in  20  1  o'  South  Latitude,  fails  N.  by  E.  89 
Leagues,  what  Latitude  is  {he  in,  and  what  is  her  Departure  ? 

Anfwer.  Latitude  in  20  12'  North,  and  Departure  17.  36.  Leagues. 

Quejlion  II.  A  Ship  fails  S.  S.  W.  from  a  Port  in  41 9  30'  North 
Latitude,  and  then  by  Obfervation  the  laid  Ship  is  in  36°  57'  North 
Latitude,  I  demand  the  Diftance  run,  and  Departure  ? 

Anfwer.  Diftance  run  98.5  Leagues,  Departure  37.7  Leagues. 

S$ueJlion% 
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ffuejlion  III.  A  Ship  fails  S.  S.  W.  |  W.  from  2°  30'”  South  La¬ 
titude,  until  the  Departure  be  59  Leagues,  I  demand  her  Diftance 
run,  and  Latitude  in  ? 

Anfwer.  Diftance  run  125.2  Leagues,  Latitude  in  8°  1'  South. 

Queflon  IV.  If  a  Ship  fails  360  Miles  South  Weftward  from 
2i°  59'  South  Latitude,  until  by  Obfervation  {he  be  in  24®  49' 
South  Latitude,  what  is  her  Courie  and  Departure  ? 

Anfwer.  Courfe  is  S.  W.  by  W.  £-  W.  and  Departure  from  the 
Meridian  is  317.3  Miles. 

£>uefiion  V.  Suppofe  a  Ship  fails  354  Miles  North  Eaftward  from 
2q  <f  South  Latitude,  until  her  Departure  be  150  Miles,  what  is 
her  Courfe  and  Latitude  in  ? 

Anfwer .  Courfe  is  N.  N.  E.  f  E.  neareft,  and  Latitude  the  Ship 
is  in  is  30  12'  North. 

Sfueftion  VI.  Sailing  between  the  North  and  the  Weft  from  a 
Port  in  i°  59 '  South  Latitude,  and  then  arriving  at  another  Port  in 
40  8'  North  Latitude,  which  is  209  Miles  to  the  Weftward  of  the 
firft  Port,  I  demand  the  Courfe  and  Diftance  from  the  firft  Port  to 
the  fecond  ? 

Anfwer.  Courfe  is  N.  N.  W.  4  W.  and  Diftance  of  the  Ports  i$ 
422,3  Miles,  or  240.7  Leagues. 


H  2 
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HAVING  learned  thefe  neceflary  Problems,  concerning  aSing’e 
Courfe,  the  next  is  a  Compound  Courfe,  commonly  called 
a  Traversf;  in  order  to  the  right  underftanding  of  which, 
obferve  the  following  Definitions. 

A  Traverfc  is  when  a  Ship,  meeting  with  contrary  Winds,  fails 
on  feveral  Courfes. 

When  the  Wind  is  directly  or  partly  againft  a  Ship’s  direct  Courfe 
to  the  Place  fhe  is  bound  to,  fhe  reaches  her  Port  by  a  Kind  of  Z 
like  Courfe;  which  is  made  by  failing  with  the  Wind,  hi  ft  on  one 
Side  the  Ship,  and  then  on  the  other  Side. 

In  a  Ship  looking  towards  the  Stem  cr  Head. 

Starboard  fignifies  the  Right  Hand  Side. 

Larboard  the  Left  Hand  Side. 

Forwards  or  Afore,  is  towards  the  Head  or  Stem  of  the  Ship. 

Aft  or  Abaft ,  is  towards  the  hinder  Part  or  Stern. 

The  Beam  fignifies  athwart  or  acrofs  the  Middle  of  the  Ship. 
When  a  Ship  fails  the  fame  Way  the  Wind  blows,  fhe  is  laid  to 
fail  or  run  before  the  Wind ;  and  the  Wind  is  faid  to  be  right  aft  or 
right  a  Stern;  and  her  Courfe  is  then  16  Points  from  the  Wind. 

When  a  Ship  fails  with  the  Wind  blowing  diredlly  acrofs  her, 
fhe  is  faid  to  have  the  Wind  on  die  Beam  ;  and  her  Courfe  is  S 
Points  from  the  Wind. 

When  the  Wind  blows  obliquely  acrofs  the  Ship,  the  Wind  is 
faid  to  be  abaft  the  Beam,  or  afore  the  Beam,  according  as  her 
Courfe  is  more  or  lefs,  than  8  Points  from  the  Wind. 

When  a  Ship  endeavours  to  fail  towards  that  Point  of  the  Com- 
pafs  from  whence  the  Wrind  blows,  fhe  is  faid  to  fail  on  a  "Wind, 
or  to  ply  to  Windward. 

A  Veil'd  failing  as  near  as  fhe  can  to  the  Point  from  whence  the 
Wind  blows,  is  faid  to  be  clofe  hauled.  The  generality  of  Ships 
will  lie  within  about  6  Points  of  the  Wrind,  but  Sloops  and  other 
VefTels  will  lie  much  nearer. 

The  Windward  or  Weather  Side ,  is  that  Side  of  the  Ship  on 
which  the  Wind  blows ;  and  the  other  Side  is  called  the  Leeward 
or  Lee-Side. 

Tacks  and  Sheets  are  large  Ropes  made  faft  to  the  lower  Corners 
of  the  Fere  and  Alain  Sails,  by  which  either  of  thefe  Corners  are 
hauled  fore  and  aft. 

When  a  Ship  fails  on  the  Wind,  the  Windward  Tacks  are  always 
hauled  forwards,  and  the  Leeward  Sheets  aft. 

The  Starboard  Tacks  are  aboard  when  the  Starboard  Side  is 
to  the  Windward,  and  the  Larboard  to  the  Leeward;  and  the  Lar¬ 
board  Tacks  are  aboard  when  the  Larboard  Side  is  to  the  Wind¬ 
ward,  and  the  Starboard  to  the  Leeward. 


6i 
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To  know  how  near  the  Wind  a  Ship  will  lie  :  Obferve  the 
Courfe  (he  goes  on  each  Tack  when  {he  is  clofe  hauled,  then  Half 
the  Number  of  Points  between  the  two  Courfes  will  {hew  how  near 
the  Wind  that  Ship  will  lie. 

The  molt  common  Cafes  in  turning  to  the  Windward  may  be 
conftrudbed  by  the  following  Precepts. 

Having  drawn  the  Meridian  and  Parallel  of  Latitude  (or  Eaft 
and  Weft  Line)  in  a  Circle  reprefenting  the  Horizon  of  the  Place* 
mark  in  the  Circumference  the  Place  of  the  Wind ;  draw  the 
P.humb  palling  through  the  Place  bound  to,  and  lay  thereon  the 
Diftance  of  that  Place  from  the  Center. 

On  each  Side  of  the  Wind  lay  off  in  the  Circumference  the 
Points  or  Degrees  {hewing  how  near  the  Wind  the  Ship  can  lie, 
and  draw  thefe  Rhumbs. 

Now  the  firft  Courfe  will  be  on  one  of  thefe  Pftiumbs,  according 
to  the  Tack  the  Ship  leads  with  •,  draw  a  Line  through  the  Place 
bound  to,  parallel  to  the  other  Point,  to  meet  with  the  Firft,  and 
this  will  {hew  the  Courfe  and  Diftance  on  the  other  Tack. 

To  Resolve  aTraverfe  is  to  reduce  and  bring  feveral  Courfes  into 
one  •,  the  Courfes  are  known  by  the  Compafs,  and  the  Diftance  by 
the  Log,  which  in  common  Voyages  is  heaved  once  in  two  Flours, 
but  in  Ships  of  War,  or  to  the  Eaft  Indies,  every  Hour. 

In  the  Steerage  or  fome  convenient  Place  in  the  Ship,  there  ge¬ 
nerally  hangs  a  Table  called  the  Logboard,  divided  into  feven  Co¬ 
lumns;  in  the  firft  is  written  the  Hours  of  the  Day,  the  fecond  the 
Knots  that  the  Ship  runs  during  Half  a  Minute,  each  of  thefe  Knots 
bears  the  fame  Proportion  to  a  Sea  Mile,  that  Half  a  Minute  does  to 
an  Hour  ;  confequently  fo  many  Knots  as  the  Ship  runs  in  Half 
a  Minute,  (the  Time  allowed  for  trying  the  Experiment)  fo  many 
Miles  Ihe  runs  in  an  Hour.  In  the  third  the  Fathoms,  io  of  which 
ought  to  make  a  Knot ;  in  the  fourth  the  Courfes  ftcered  by  the 
Compafs  ;  in  the  fifth  the  Winds  ;  in  the  fixth  the  Leeway,  or 
how  far  the  Ship  is  drove  to  the  Leeward  of  the  Courfe  fteered  by 
the  Compafs ;  in  the  feventh  the  TranfaHions  of  the  Day,  as  in 
the  following  Table.  Every  Day  at  Noon  the  Logboard  is  tran- 
fcribed  into  the  Logbook,  which  is  divided  into  Columns  exa£Hy 
like  the  Logboard,  and  the  feveral  Courfes  being  corrected  for  the 
Leeway  and  Variation,  and  the  Diftance  or  Piun  upon  each  being 
fet  down  in  a  Traverfe  Table,  {hews  what  Difference  of  Latitude  and 
Departure  the  Ship  ha&  made  during  the  laft  24  Hours,  and  from 
thence  is  found  the  Latitude  and  Longitude  the  Ship  is  in,  &c. 
This  Operation  is  called  doing  a  Day’s  Work. 


The 
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H. 

K. 

F. 

Courfes. 

Winds. 

Lee-way. 

TranfaQions. 

2 

6 

8.W  by  W 

N. 

4 

S 

5 

6 

5 

N.  W. 

8 

5 

1 

- 

10 

4 

5 

N.  E. 

N.N.  W 

1  z 

4 

S 

Moderate  Gales  and  fair 

2 

4 

5 

Weather,  at  8  A.  M.  faw 

4 

4 

5 

a  Ship  to  the  Northward. 

6 

4 

5 

8 

S 

S.W.byS 

W.N.W. 

10 

4 

5 

1 2 

4 

Having  placed  the  feveral  Courfes  and  Diflances  run  upon  each, 
begin  with  the  firft  Courfe  S.  W.  by  W.  which  is  5  Points,  and 
the  Diftance  run  upon  it  being  fummed  up  is  21.5,  or  an  Half, 
which  being  doubled  becaufe  the  Log  is  hove  every  two  Hours ) 
is  43.  In  like  Manner  proceed  with  the  other  Courl'es,  and  then 
find  the  Difference  of  Latitude  and  Departure  for  each  Courle  and 
Diflance. 

When  the  Courfe  is  to  the  Southward,  the  Difference  of  Lati¬ 
tude  mult  be  fet  in  the  Column  marked  S.  but  if  to  the  Northward, 
in  that  marked  N.  likewife  when  the  Courfe  is  to  the  Eaftward, 
the  Departure  muff  be  fet  in  the  Column  marked  E.  but  if  to  the 
Weftward,  in  that  marked  W.  Thus  the  firft  Courfe  being 
S.  W.  by  W.  5  Points  the  Difference  of  Latitude  belonging  to  it 
is  fet  under  S.  and  the  Departure  under  W.  as  in  the  following 
Table. 


The  TRAVERSE  TABLE, 


Courfes. 

Dirt. 

N. 

S. 

E. 

W. 

S.  W  by  W 

43 

35-8 

239 

N.  E. 

45 

31.8 

31.8 

S.W.byS 

27 

22.4 

13.0 

31-6 

58.2 

38  9 

3, .8 

3r.8 

3  1  8 

Dif  Lat.  S 

26.4 

DeP.  W. 

7-i 

Here 
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Here  the  Weftings  being  greater  than  the  Eaftings,  the  Difference 
(hews  how  far  the  Ship  has  got  to  theWeftward;  and  the  Southings 
being  greater  than  the  Northings,  {hew  how  far  ihe  has  got  to  the 
Southward  of  the  Place  fhe  fet  out  from. 

In  heaving  the  Log,  one  Man  holds  the  Reel  upon  which  the 
Log-line  is  wound,  and  another  holds  the  Half-minute  Glafs  ;  an 
Officer  of  the  Watch  heaves  the  Log  over  the  Stern  on  the  Lee- fide, 
and  when  he  obferves  the  ftray  Line  is  run  off  the  Reel  (to  denote 
which  there  is  fixed  a  Red  Rag)  he  cries  turn  /  the  Glafs-holder 
anfwers  done  !  who,  watching  the  Glafs  the  Moment  it  is  run  out, 
cries  flop  !  the  Reel  being  immediately  ftopt,  the  Knots,  or  Knots 
and  Fathoms  run,  {hew  the  Ship’s  Rate  of  Sailing  per  Hour,  if  the 
Wind  is  conftant. 

Suppofe  a  Ship  from  the  Lizard  in  Lat.  490  57'  is  bound  to  Cork 
in  the  Latitude  5i°49/N.  whofe  Departure  from  the  Meridian  is 
162  Miles  Weft,  but  by  Reafon  of  contrary  Winds  is  obliged  to 
fail  on  the  following  Courfes,  viz.  S.  S.  W.  54  Miles,  Wfby  S. 
39  Miles,  N.  W.  by  N.  40  Miles,  N.  E.  by  E.  69  Miles;  N.  N.  W. 
60  Miles  ;  I  demand  the  direft  Courfe,  Diftance,  Difference  of 
Latitude  and  Departure  made  good  upon  thefe  feveral  Courfes,  with 
the  Latitude  the  Ship  is  in,  and  what  Courfe  Ihe  muft  fteer,  and 
how  far,  to  gain  her  intended  Port. 


By  PROJECTION 

Latitude  of  Cork  -  5 1 0  49'  \ 

Latitude  of  Lizard  -  40  cn  j 


Difference  of  Latitude  1  52  =  112  Miles,  the Dep.  162  Miles. 


With  the  Difference  of  Latitude  112,  and  Departure  162,  be¬ 
tween  the  Lizard  and  Cork  by  the  laft  Cafe,  the  Courfe  will  be 
found  nearly  N.  W.  by  W.  and  Diftance  197  Miles. 

With  the  Chord  of  6o°  deferibe  a  Circle,  through  which  draw 
the  Meridian,  North  and  South,  and  croffing  that  at  Right  Angles, 
draw  the  Eaft  and  Weft  Points.  The  Center  reprefents  the  Lizard ; 
then  fet  off  two  Points  from  the  South  wefterlv,  through 
which  draw  a  Line  to  the  Center  for  the  firft  Courfe  S.  S.  W.  upon 
that  fet  off  the  firft  Diftance  run  54  Miles,  which  is  the  Ship’s 
Place  at  the  End  of  her  firft  Courfe ;  draw  the  W.  by  S. 
Rhumb,  and,  parallel  to  it,  a  Line  paffing  through  the  Ship’s  laft 
Place,  and  upon  that  fet  off  39  for  the  fecond  Diftance  ;  draw  the 
N.  W.  by  N.  Rhumb,  and  parallel  to  it,  as  before,  draw  a  Line  palling 

through 


through  the  Ship’s  lafl  Place,  upon  which  fet  off  40,  and  that  will 
he  the  Place  of  the  Ship  at  the  End  of  her  third  Courfe  ;  then  draw 
the  N.  E.  by  E.  Rhumb,  and,  parallel  to  it  a  Line  j  ailing 
through  the  Ship’s  laft  Place,  and  upon  that  fet  off  69  for  the  fourth 
Diftance  •,  then  draw  N.  N.  W.  Rhumb,  and,  parallel  to  it,  draw  a 
Line,  as  before,  through  the  Ship’s  laft  Place ;  upon  that  fet  off 
the  laft  Diftance  60,  which  is  the  Place  of  the  Ship  at  the  End  of 
her  feveral  Courfes  ;  from  which  draw  a  Line  parallel  to  the  Eaft 
and  Weft  Line,  until  it  cuts  the  Meridian;  fo  the  v.  hole  Departure, 
from  that  to  the  Center  being  meafured  on  the  fame  Scale,  will  give 
her  Difference  of  Latitude  made  good  upon  'he  leveral  Courfes  ; 
and  a  Line  drawn  from  the  Ship’s  laft  Place  to  her  firft,  will  give 
the  whole  Diftance,  and  the  Angle  that  it  makes  with  the  Meridian 
will  be  the  Ship’s  Courfe. 

Now  to  find  what  Courfe  fhe  muft  fleer,  and  how  far,  draw  a 
Line  from  the  Ship’s  laft  Place  to  her  intended  Port  for  her  Dif¬ 
tance  and  a  Line  drawn  from  the  Ship’s  laft  Place,  parallel  to  the 
Meridian  for  a  new  Meridian  ;  and  the  Angle  which  that  makes 
with  the  Diftance,  will  be  the  Courfe  fhe  muft  fleer  to  the  intended 
Port;  which  may  be  eafily  underftood  by  looking  at  the  Figure. 
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,  By  the  above  Method  any  Traverfe  may  be  conftrutfted,  as  alfo 
the  Ship’s  Way  pricked  off  on  the  Plane  Chart. 

But  it  being  father  tedious,  and  not  fufficiently  accurate,  we  ge¬ 
nerally  work  at  Sea 

By  INSPECTION. 

1 

Firft  to  find  the  Courfe  and  Diftance  between  the  two  Ports; 

In  the  Table  it  will  be  found  that  the  Numbers  ftanding  together 
neareft  to  1 12  the  Difference  of  Latitude,  and  162  the  Departure, 
dte  161.3  and  113  over  550;  the  Diftance  anfwering  to  thefe  is 
197,  confequently  the  diredt  Courfe  is  N.-  55  W.  or  nearly  N.  W. 
by  W.  Diftance  197  Miles. 

adly.  Begin  with  the  firft  Courfe  S.  S.  W.  2 Points,  under  wh'ch 
in  the  Tables,  and  oppofite  to  the  Diftance  54  Miles,  ftands  49.9 
for  the  Difference  of  Latitude,  and  2C.7  for  the  Departure  ;  and  as 
the  Courfe  is  between  the  South  and  Weft,  fet  the  Difference  of 
Latitude  in  the  Column  marked  South,  and  the  Departure  in  that 
marked  Weft;  in  like  Manner  proceed  with  each  Courfe  and  Dif¬ 
tance,  which  being  found  as  above,  will  ftand  as  in  the  following 
Traverfe  Table. 

The  TRAVERSE  TABLE. 


Differ,  of 

Lat. 

Departure. 

Courfes. 

Diftance. 

N. 

■  S. 

E. 

w. 

s.  S.  W. 

5  + 

49-9 

20.7 

W.  by  S. 

39 

7.6 

38.2 

N.W.  by  N. 

40 

33-3 

22.2 

N.  E.  by  E. 

69 

3y-3 

57-4 

N.  N.  W. 

60 

55-4 

23  0 

127.0 

57-5 

57-4 

104. 1 

5  /  •  5 

57-4 

Diff.  of  Lat. 

Northerly 

69. 

De  part. 

Wefterlv 

46.7 

Having  placed  them  as  above,  add  up  all  the  Weftings,  Eaftlngsf, 
Northings,  and  Southings  feparately,  and  fet  down  their  refpeftive 
Sums  at  the  Bottom  of  each  Column  *,  and  as  the  Wefting  is  greater 
than  the  Eafiing,  fubtraril:  the  one  from  the  other,  and  the  Difference 
46.7  fhews  that  the  Ship’s  Departure  is  fo  much  Weft  of  her  firft 
Place. 


I 


Again, 
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Again,  the  Northing  being  greater  than  the  Southing,  fubtract 
the  lefler  from  the  greater,  and  the  Remainder  69.5  {hews  how  far 
the  Ship  is  to  the  Northward  of  her  firft  Place. 

Now  having  the  Difference  of  Latitude  and  Departure  made  good 
upon  the  feveral  Courfes,  feek  in  the  Tables  until  they  are  found 
{landing  together  in  their  refpective  Columns,  the  neareft  to  which 
is  69.6  and  47.  under  34  Degrees,  againfl  them  {lands  84  for  the 
Diftance ;  confequently  the  Courfe  made  good  upon  the  feveral 
Courles  is  N.  34  W.  Diftance  84  Miles. 

To  find  the  dir  eft  Courfe  and  D  farce  to  t’.e  intended  Port. 

To  the  Latitude  left  49°  57'  N.  add  the  Difference  69  equal  i°  9' 
gives  51.6  the  Latitude  in:  Then, 

From  the  Latitude  Cork  —  51-49 

Subtract  the  Latitude  in  —  51.  6 

The  Difference  of  Latitude  between  the  Ship  and  Cork  is  43MS. 


The  Departure  between  the  two  Ports  is  —  162.  Ms. 

The  Departure  made  being  W.  fubtract  —  46.  7 

The  Departure  between  the  Ship  and  Cork  is  —  115-  3MS. 


With  this  Difference  of  Latitude  43,  and  Departure  115.3,  feek 
in  the  Tables  till  they  are  found  {landing  together  in  their  refpec- 
tive  Columns,  the  neareft  to  which  will  be  found  over  69°,  and  70? 
being  added  is  139,  4  that  Sum  69°  3c/  is  the  Courfe,  2nd  half  the 
Diftance  to  thefe  is  123. 

Hence  the  Ship’s  direct  Courfe  to  Cork  is  N.  69°  30“'  W.  and 
Diftance  i23Miles. 

The  fame  may  be  done 


By  CALCULATION. 

To  find  the  direct  Courfe  and  Diftance  between  the  Lizard 
and  Cork  by  Cafe  VI.  it  will  be. 


As  the  Diff.  ofLat.  112  2.04922 

Is  to  Radius  io.coooo 

So  is  the  Departure  162  2.20951 


12.20951 

2.04922 

To  the  Tan.  Cou.  550  20'  10.16029 


As  the  S.  cf  Courfe  55.20  9  91512 
Is  to  the  Depar.  162  2.20951 
So  is  Radius  10.00000 


12.20951 

9.91512 


To  the  Diftance  197  2.29439 
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Hence  the  direft  Courfe  and  Diftance  between  the  Lizard  and 
Cork  is  N.  55-20  W.  or  N.  W.  by  W.  nearly,  Diftance  197  Miles. 
Then, 

For  the  firft  Courfe  S.  S.  W.  2  Points,  Diftance  54  Miles. 


As  Radius  io.ocooo  As  Radius  10.00000 

Is  to  the  Durance  54  1.732 39  Is  to  the  Diftance  54  173239 

So  is  S.  Courfe  2  Pts.  9.58285  So  is  S.  Courfe  2  Pts.  9.96502* 


11.31 523  11.69801 

10.00000  10.00000 


To  the  Departure  20.7  1. 31523  To  the  Diff.  of  Lat.  49  9  1.69801 


In  like  Manner  proceed  to  find  the  Difference  of  Latitude  and 
Departure  for  the  other  Courfes  and  Diftances  ;  which  being  found 
and  fet  down  in  their  refpedtive  Columns,  will  ftand  as  in  the  fore¬ 
going  Table. 

Having  found  the  Difference  of  Latitude  and  Departure  made 
upon  the  feveral  Courfes,  and  alfo  the  Latitude  in,  with  the  Differ¬ 
ence  of  Latitude  and  Departure  between  the  Ship  and  Cork,  as  be¬ 
fore,  the  diredt  Courfe  by  Cafe  VI.  will  be  found  N.  69°  33'  W.  and 
Diftance  123  Miles. 

All  the  preceding  may  be  found  by  Gunter’s  Scale,  but  fhall 
leave  the  working  of  them  to  exercife  the  Learner,  who  ought  to  be 
well  acquainted  with  Traverfe  Sailing;  and  for  thatPurpofe  it  has 
been  thought  proper  to  fubjoin  the  following,  which  is  the  moft  ge¬ 
neral  and  ufeful  that  well  can  be,  and  may  be  worked  by  any  of  the 
foregoing  Methods. 

A  Ship  being  at  Sea  in  Latitude  37 9  io'  N.  is  bound  to  a  Port  in 
Latitude  330  o'  N.  the  Departure  between  the  Ship  and  the  Place  is 
180  Miles,  confequently  by  Cafe  VI.  the  Courfe  will  be  S.  W.  by 
S.  2  Degrees  Wefterly  and  Diftance  308  Miles,  but  the  Wind 
being  variable,  is  obliged  to  ply  upon  thefe  feveral  Courfes,  the 
Diftance  run  upon  each  being  obtained  by  the  Log  ;  and  firft  fhe 
fails  (with  her  Larboard  Tacks  on  Board)  S.  W.  by  W.  27  Miles, 
W.  S.  W.  f  W.  30  Miles,  W.  by  S.  23  Miles,  W.  by  N.  1 8  Miles. 

(Starboard  Tacks  on  Board  V/ind  fhifting)  S.  S.  E.  32  Miles, 
S.  S.  E.  |  E.  27  Miles,  S.  by  E.  25  Miles,  S.  31  Miles,  S.  S.  E. 
39  Miles. 

Required  the  Latitude  the  Ship  is  in  and  her  Departure  from  the 
Meridian,  upon  what  Courfe  fhe  muftfteer  if  poflible,  and  how  far 
fhe  muft  fail,  to  gain  her  intended  Port. 


The 
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The  Difference  of  Latitude  and  Departure  being  found  by  the  pre¬ 
ceding  Directions,  will  (land  as  in  the  following  Table. 


The  Traverle  Table.  Differ,  ot  Lat 

Departure. 

Courl'es. 

Diltances. 

N. 

b. 

E. 

w. 

S.  VV.  by  W 

2/ 

15.0 

22.4 

W.S.W-  4  V5 

5° 

8.7 

28.7 

W.  by  S. 

25 

4.9 

=4-5 

W.  by  N. 

1 3 

3-5 

1 7-7 

S.  S.  E. 

32 

29.6 

I  2.2 

S.  S  E.  4  E. 

27 

23.2 

13.9 

S.  by  E. 

z5 

24.5 

4.9 

South. 

3 1 

31.0 

S.  S.  E. 

39 

36.0 

14.9 

3-5 

172.9 

45-9 

93 -3 

3-5 

45  9 

: 

Diff  Lat 

1 69. 4S 

Depar. 

47.4W. 

# 

The  Ship  is  in  Latitude  34°  20'  N.  the  Departure  is  47.4  "W. 

The  Courfe  made  good  is  S.  150  38'  W.  and  Diftance  175.9. 

The  Courfe  to  the  intended  Port  is  S.  58°  41'  W.  or  S.  W.  by  W. 
I W.  nearly,  Diftance  155-2. 

Note.  The  Teacher  may  put  the  Pupil  upon  Mercator’s 
Sailing  immediately,  if  his  Time  be  fhort,  (which  is  the  cafe  with 
many  who  go  to  School  purely  to  learn  Navigation  only)  without 
going  through  Middle  Latitude  Sailing,  as  the  former  is  fully 
fufficient  for  the  Seaman’s  Purpofe,  provided  he  be  {hewn  how  to 
reduce  Miles  of  Eafting  or  We  fling  in  Difr.  of  Longitude. 


MIDDLE 


MIDDLE  LATITUDE  SAILING. 


IN  Plane  Sailing  the  Earth  was  confidered  as  a  Plane,  repre- 
fenting  a  Bowling-Green,  having  the  Meridians  parallel  to  each 
other,  and  confequently  the  Degree  of  Longitude  equal  in  all  Places; 
but  this  cannot  be  true,  as  the  Earth  is  a  Globe  or  Sphere  :  for 

As  the  Meridians  are  Circles  on  the  Terraqueous  Globe,  meeting 
in  the  Poles,  (as  may  be  feen  in  the  following  Figure)  it  is  obvious 
that  any  two  of  thefe  Circles  mull  recede  more  at  greater  Diftanees 
from  the  Poles  •,  and  at  equal  Diftanees  from  each  Pole,  or  at  the 
Equator,  the  Diftance  between  the  Meridians  is  greateft. 

« 

The  true  Place  of  a  Ship  at  Sea  depends  upon  its  Diftance  from  the 
Equator,  and  fome  noted  Meridian  5  and  fince  the  Meridional  Dif¬ 
tance,  that  is  the  Diftance  between  the  two  Meridians,  varies  in 
every  Latitude,  it  is  therefore  convenient  this  Diftance  fhoukl  be 
reckoned  in  a  fixed  Latitude  •,  and  where  the  Degrees  are  of  the 
fame  Magnitude  with  thofe  of  the  Meridian,  which  can  be  no  where 
£>ut  on  the  Equator,  where  60  Geographical  Miles  make  a  Degree. 

The  Circumference  of  all  Circles  are  in  direft  Proportion  to  each 
Other,  as  their  Radii ;  and  fince  the  Earth  turns  once  round  its  Axis 
in  24  Flours,  every  Point  upon  its  Surface  muft  deferibe  Circles  pa¬ 
rallel  to  the  Equator:  Hence  it  follows,  that  the  Circumference  of 
any  Parallel  of  Latitude  in  Miles,  is  to  the  Circumference  of  the 
Equator  in  Miles,  as  the  Co-Sine  of  that  Latitude  is  to  Radius;  and 
that  the  Breadth  of  a  Degree  in  any  Parallel  of  Latitude  is  to  the 
Breath  of  a  Degree  upon  the  Equator,  as  the  Sine  Complement  of 
that  of  Latitude  is  to  Radius. 

By  the  laft  Proportion  was  the  following  Table  calculated,  which 
fhews  the  Breadth  of  a  Degree  of  Longitude  in  every  Latitude  ;  and 
may  be  made  to  anfwer  for  any  Degrees  and  Minutes  by  taking 
proportional  Parts. 


D.  L. 

iviil 

£S'i 

D.L 

j  Mi 

les. 

D.L. 

Miles. 

D.L. 

Miles. 

D.L. 

1 

Miles. 

I 

59 

99 

>9 

56 

73 

37 

47 

92 

55 

34 

4' 

■  73 

i7 

54 

n 

59 

9- 

20 

|s6 

58 

3S 

47 

28 

56 

33 

5> 

1  74 

it) 

53 

3 

59 

9 2 

2 1 

|56 

Cl 

39 

+5 

62; 

57 

32 

68 

72 

•5 

52 

4 

59 

b'f 

22 

155 

65 

40 

45 

95 

58 

3 1 

79 

I  76 

»4 

51 

5 

59 

771 

*»  ^ 
“D 

55 

2  3 

4 1 

45 

28 

.59 

3° 

9c 

77 

*3 

5° 

6 

59 

t>-! 

z4 

.  j  T 

81 

42 

44 

59 

6c 

3° 

cc 

j  7S 

I  2 

48 

7 

59 

56 

2  5 

•54 

^  c 
3C  ■ 

43 

43 

88 

61 

29 

9 

79 

1 1 

45 

8 

59 

4  2 

• 

26 

:53 

93! 

54 

43 

16 

62 

28 

1 7 

,  So 

10 

42 

9 

59 

2fc| 

27 

53 

56 

45 

12 

43 

63 

27 

24 

81 

9 

38 

lO 

59 

oS 

28 

:s2 

97 1 

46 

4i 

68; 

64 

26 

3c 

i  82 

8 

35 

1 1 

5S 

s9: 

29 

5 2 

47i 

47 

40 

G2‘ 

65 

-5 

3  6 

83 

7 

32 

I  z 

58 

63. 

1  ~ 

15 1 

96. 

48 

4° 

15 

66 

z4 

41 

84 

6 

28 

l3 

>3 

46 

3 ' 

•51 

43j 

49 

39 

36i 

67 

23 

45 

S5 

5 

23 

H 

58 

22 

32 

I50 

88 

5° 

38 

57| 

68 

z  2 

48 

?6 

4 

1 8 

57 

95 

33 

5° 

32l 

5 1 

57 

76l 

69 

20 

5° 

87 

3 

H 

16 

57 

67 

2a. 

D  1 

49 

74 

52 

3  6 

94 

7° 

2 1 

52 

88 

2- 

09 

17 

>7 

37 

35 

49 

I5- 

55 

36 

i  1 

7 1 

>9 

54 

89 

I 

05 

18 

%  / 

c6 

16 

4« 

Cal 

ca 

35 

2t[ 

72 

18 

5  5 

The  above  Table  {hews  how  many  Miles  anfwer  to  a  Degree  of 
Longitude,  at  every  Degree  of  Latitude. 


MIDDLE  LATITUDE  SAILING.  71 

Hence  it  follows  that  : 

As  the  S.  Com.  of  any  Lat.  T  As  Radius 

Is  to  Radius  |  >  {  Is  to  S.C.  of  any  Para,  of  Lat. 

So  is  the  Did.  run  in  that  Lat.  in  Ms.  >  2  So  is  DifF.  of  Lon.  in  Miles 

To  the  Miles  or  Minutes  Difference  *  5  |  between  any  two  Meridians 

of  Longitude.  J  L^o  their  Dif.  in  M. in  that  Lat. 

From  what  has  been  faid  arifes  the  Solution  of  the  following 

Problems.  , 

PROBLEM  I. 

The  Difference  of  Longitude  between  tzuo  Places  loth  in  one  Parallel  of 
Latitude  being  given ,  to  find  the  Difiance  between  them. 

Suppofe  a  Ship  in  the  Latitude  490  30''  N.  or  S.  fails  directly  E. 
or  W.  until  her  Difference  of  Longitude  be  30  30'  and  the  Diftance 

failed  be  required. 


By  PROJECTION. 


With  the  Sine  of  90°  on  the  Plane  Scale,  deferibe  an  Arch,  and 
-  upon  it  fet  off  the  Difference  of  Longitude  210  Miles  (taken 
from  fome  Scale  of  equal  Parts)  then  deferibe  an  Arch  upon  t  e 
former  Center  with  the  Sine  Comp,  of  the  Latitude,  and  from  the 
two  Points,  where  the  Difference  of  Longitude  cut  the  firft  Arch, 
draw  Lines  to  the  Center,  and  they  will  cut  the  laft  Arch  in  two 
Points,  the  Diftance  between  which  being  rfteafured  on  the  fame 
Scale  is  136.4,  the  Diftance  required. 
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By  CALCULATION. 


7- 


As  Radius  -  - 

Is  to  Sine  Complement  of  Latitude 
So  is  the  Difference  of  Longitude 

£$  I 

O 

O  1 

IO.OOOCO 

9.81254 

2.32222 

12.13476 

IO.OOOCO 

To  the  Diftance  required 

1364 

2.13476 

By  G  U  N  T 

E  R. 

f  The  Extent  from  Radius  to  Sine  Com.  490  30'  on  the  Line  of 
Sines,  will  reach  from  the  Difference  of  Longitude  210  to  the  Dif- 
tance  1 36.4  on  the  Line  of  Numbers’ 

By  INSPECTION. 

Find  the  Sine  Com.  of  the  Latitude  among  the  Degrees,  and  in 
the  Diftance  Column  the  Difference  of  Longitude ;  oppofite  to 
which,  in  the  Column  of  Departure,  is  the  Diftance  required  ;  but 
as  the  Co-Latitude  is  40°  30',  therefore, 


For  40  Degrees  you’ll  find 

>35 

For  41  Degrees  you’ll  find 

1 37*7 

The  Sum  is 

272.7 

Half  is  the  Diftance  required. 

>36-3 

This  is  donebecaufe  the  Table  of  Difference  of  Latitude  and  De¬ 
parture  is  calculated  only  for  Angle  Degrees. 

By  the  Reverfe  of  the  lafl  Problem,  having  the  Diftance  run  in 
any  Parallel,  to  find  the  Difference  of  Longitude. 

Suppofe  a  Ship  in  Latitude  49°  30'  N.  orS.  fails  dire£fly  E.  orW; 
136.4  Miles,  and  her  Difference  of  Longitude  be  required. 

As  S.  Com.  of  Latitude  49°  30'  9.81254 

It  to  the  Diftance  136.4  2.13481 

So  is  Radius  io.coooo 


12.13481 

9.81254 


To  the  Difference  of  Loh. 


210 


232227 
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PROBLEM  II. 

■ 

If  it  be  required  to  find'the  Diftance  of  two  Places  under  the  fame 
Parallel,  and  the  Diftance  of  two  other  Places  under  the  fame  Meri¬ 
dians  with  the  former,  differing  only  in  Latitude,  it  will  be. 

As  the  Sine  Complement  of  one  Latitude,  is  to  the  Diftance  be¬ 
tween  two  Places  in  that  Latitude,  fo  is  the  Sine  Complement  of 
any  other  Latitude,  to  the  Diftance  between  two  Places  in  that  La¬ 
titude  ;  lying  under  the  fame  Meridian  with  the  former  Places. 

Suppofe  two  Ships  in  the  Latitude  450  N.  Diftance  220  Miles, 
fail  both  diredlly  North  260  Miles,  and  it  be  required  to  find  their 
Diftance  afunder  ? 

By  PROJECTION 

Having  reduced  the  Diftanee  failed  260  Miles  into  Degrees,  and 
added  then  to  the  Latitude  failed  from  450,  gives  49°  20'  the  Lati¬ 
tude  they  are  in  :  with  the  Sine  Complement  of  the  firft  Latitude 
450  in  your  Compaffes  defcribe  an  Arch ;  and  with  the  Sine  Com¬ 
plement  of  the  fecond  Latitude  40°  40'  defcribe  an  Arch  upon  the 
former  Center ;  then  upon  the  firft  Arch  fet  off  the  Firft  Diftance, 
and  from  the  two  Extremities  draw  Lines  to  the  Center,  and  they 
will  cut  the  fecond  Arch  in  two  Points  5  the  Diftance  between 
which  being  meafured  upon  the  fame  Scale,  will  be  202.7,  the 
Diftance  the  Ships  are  afunder  in  the  Latitude  come  to. 


By  CALCULATION. 

As  the  Sine  Complement  of  the  Latitude  failed  from  450  9.84948 

It?  to  their  Diftance  as  afunder  220  2.34242 

So  is  the  Sine  Complement  of  the  Latitude  come  to  49°  20'  9.8 1402 


12.15644 

9.84948 

To  the  Diftance  required  202. 7  2.30696 

K  - - — 
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By  GUNTER. 


*  The  Extent  from  450  to  40°  40' on  the  Line  of  Sines,  will  reach 
220  to  202.7  the  fecond  Difhnce  on  the  Line  of  Llumlers.’ 


From  what  has  been  faid  it  will  be  eafyto  conceive,  that  the  Lon¬ 
gitude  counted  in  one  Parallel  of  Latitude,  will  not  be  equal  to  that 
counted  in  any  other  Parallel  of  Latitude,  on  the  fame  Side  of  the 
Equator',  and  as  Ships  feldom  fail  N.  or  S.  upon  one  Meridian,  but 
crols  manv  in  various  Directions,  it  follows,  that  the  Longitude  can 
neither  be  found  by  the  Latitude  left,  nor  by  that  come  to :  there¬ 
fore  add  them  together,  and  take  half  that  Sum  for  a  Mean  or  Mid¬ 
dle  Latitude,  by  which  Departure  may  be  converted  into  Longitude, 
and  Longitude  into  Departure  ;  for  if  -..  ill  be, 


As  the  S  Com.  of  the  Mid.  Lat.  "I  > 
Is  to  the  Dep.  from  the  Meridian  f  ^ 
So  is  Radius 

To  the  Miles  of  Differ,  of  Long.  J  «c 


As  Radius 

Is  to  the  Diff.  of  Longitude 
So  is  the  S.  Com,  of  Mid.  Lat. 
„To  the  Departure. 


Or,  without  having  the  Departure  to  find  the  reft,  it  will  be. 


As  the  Diff.  of  Lat. 

Is  to  the  Diff.  of  Long.  , 

So  is  the  Sine  Com.  Mid.  Lat. 
To  the  Tan.  of  the  Courfe. 


As  Sine  Com.  Mid.  Lat. 

Is  to  the  Tangent  of  the  Courfe, 
So  is  the  Difference  of  Latitude 
To  the  Difference  of  Longitude. 


AND, 


As  the  Sine  Com.  Middle  Lat. 
Is  to  the  Sine  Courfe, 

,^So  is  the  Diftance  failed 
To  the  Diff.  of  Longitude. 


This  is  called  Middle  Latitude  Sailing ,  by  which  many  Seamen 
keep  their  reckoning  at  Sea,  and  nearly  agrees  with  Mercator’s 
Sailing. 


CASE  I. 

Toe  Latitude  and  Longitude  of  two  Places  given ,  to  find  the  Courfe 

and  Difilance. 

What  is  the  Courfe  and  Diftance  from  the  Lizard  to  the  Ifland 
of  Barbadoes  ? 


Lizard 


Lizard 

Barbadoes 
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?Tat  J  49°  57' N.  -  490  57'  J  L  S  5°  *4'  weft’ 
5Lat‘  I12  58  N.  -  12  58  )  g*  458  50  W. 


60 


Miles  or  Minutes  2219 


49° 

57 

I  2 

S« 

62 

55 

31 

27 . 

90 

00 

60 


Com.Mid.Lat.  58  33 


By  PROJECTION. 

Firft  draw  a  Meridian,  AB,  and  defcribe  an  Arch  with  the  Sine 
of  90°,  upon  which  fet  off  from  the  Meridian  the  Difference  of 
Longitude  BC  3216  Miles  ;  from  the  Point  where  that  cuts  the  Arch 
at  C,  draw  a  Line  to  the  Center. 

Upon  the  former  Center  defcribe  an  Arch  with  the  Sine  Com.  of 
Middle  Latitude  58  33,  and  the  Diftance  between  the  two  Points 
where  it  cuts  the  two  former  Lines  AB  and  AC,  will  be  the  Depar¬ 
ture  2744 :  then  from  the  point  A,  fet  off  upon  the  Meridian  the 
Difference  of  Latitude  AD —  2219,  upon  D:  eredt  the  perpendicu¬ 
lar  DE,  upon  which  fet  off  the  Departure=2744-  j0”1  A  and  E 
and  its  done ;  for  the  Angle,  DAE  being  meafured  will  be  the 
Courfe  5ip  1' y  and  AE  the  Diftance  3528  Miles. 


A 


Note.  If  the  Latitude  and  Longitude  had  been  taken  from 
Bridge-Town,  in  Barbadoes,  it  would  have  been  1248  N.  Latitude, 
and  58°  58'  W.  Longitude. 
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By  CALCULATION. 


To  find  the  Courfe  it  will  be, 

As  the  Diff.of  Lat.  2219  334616 

Is  to  theDiff.  of  Long.  3  1  16  3.50732 
SoisS.Coin.Mid.Lat.3ic27'  9.93100 


•3-4383Z 

3.34616 


To  the  T.  of  the  Cou.  5 1 0  2'  1 0.09  2 1 6 


The  Dep.  may  be  found  by  faying 

As  Radios  io.oooco 

Js  to  Diff.  of  Lon.  3216  3.50732 

So  is  6. Co.  Mi.  La.  3 1°  27/9-93  ico 

•3  43832 
1  o-coooo 


To  the  Departure  2744  3.45832 


To  find  the  Diftance,  it  will  be, 


As  the  S.  Com.  Courfe 
Is  to  the  Diff.  of  Lat. 

So  is  Radius 

51°  2 
2219 

9.79856 
3-34^i  6 
10.00000 

13.34616 

9.79856 

To  the  Diftance 

3528 

3.54760 

By  GUNTER. 

*  Extend  from  Radius  to  the  Com.  Middle  Latitude  58°  33'  on 
the  Line  of  Sines,  that  Extent  will  reach  from  the  Difference  of  Lon¬ 
gitude  3216,  to  the  Departure  2744,  on  the  Line  of  Numbers,  having 
the  Difference  of  Latitude  and  Departure,  find  the  Courfe  and  Dif¬ 
tance  as  in  Cafe  VI.  in  Plane  Sailing. 

By  INSPECTION. 

Find  the  Degrees  of  the  Complement  of  Middle  Latitude  in  the 
Table  of  Difference  of  Latitude  and  Departure,  which  muftbe  con- 
fidered  as  a  Courfe  ;  then  find  the  Difference  of  Longitude  in  the 
the  Column  of  Diftance;  oppofite  that  in  the  Column  of  Departure 
will  be  the  Departure  required  ;  having  the  Difference  of  Latitude 
and  Departure,  find  the  Courfe  and  Diftance  as  in  plane  Sailing. 


But 
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But  when  it  happens  to  be  too  large,  as  in  the  laft  Cafe,  divide  it 
by  any  convenient  Number,  obferving  to  multiply  the  Departure, 
when  found,  by  the  fame  you  divide,  by,  the  Tables  being  cal¬ 
culated  only  for  fmgle  Degrees ;  and  as  the  Complement  Middle 
Latitude  is  58.33,  I  find  a  12th  of  the  Difference  of  Longitude  250 
over  58°  and  59  ;  oppofite  to  which  in  the  Departure  Columns 
ftand  227.3  and  229.7,  their  Sum  is  457,  Half  is  228.5,  which  being 
multiplied  by  12,  gives  2742  for  the  Departure-,  with  this  Depar¬ 
ture  and  Difference  of  Latitude,  find  the  Courfe  and  Diftance  as  in 
Cafe  VI.  in  Plane  Sailing. 


CASE 


II. 


Courfe  and  Difference  of  Latitude  given ,  to  find  the  Departure, 
Dijlance ,  and  Difference  oj  Longitude. 

Suppofe  a  Ship  fails  from  the  Lizard,  makes,  when  the  Variation 
Lee-way,  &c.  are  allowed  for,  her  Courfe  S.  390  W.  or  S.  W.  by  s! 
4  Wefterly,  and  then  by  Obfervation,  is  in  Latitude  450  31'  North: 
What  is  her  Diftance  run,  and  Longitude  in  ? 


Lat.  Lizard  • - 

Lat.  by  Obfervation  — 

49°  57'N. 

45  3*  N- 

490 

45 

57' 

3' 

Diff.  of  Lat. 

4  26 

60 

95 

28  Sum 

47 

90 

44  Mid.  Lat. 
00 

Miles  or  Minutes 

266 

42 

16  C.  M.  Lat. 

By  PROJECTION. 

With  the  Courfe  39°  and  the  Difference  of  Latitude  266,  prole# 
as  in  Cafe  II.  in  Plane  Sailing,  and  the  Departure  will  be  found 
21 5  4,  and  Diftance  342.3  Miles.  With  the  Sine  Com.  Middle  La- 
tnude  42  16  defcnbe  an  Arch,  upon  which  fet  off  the  Departure 
on  he  other  Side  of  the  Meridian  ;  from  the  Center  through  this 
laft  Point  draw  a  Line,  then  defcribe  an  Arch  with  the  Sine  of  00* 
upon  the  former  Center,  and  that  will  cut  the  Meridian  and  laft 
drawn  Line  in  two  Points;  the  Diftance  between  which,  being 
meafured,  is  320.3,  the  Miles  of  Difference  of  Longitude  S 


N.B. 
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N.  B.  Thefe  Inftruclions  are  fufficient  to  inform  the  Learnei 
how  to  projedt  any  of  the  following  Cafes. 


By  CALCULATION. 

To  find  the  Departure,  it  will  be,  To  find  the  Diftance,  it  will  be, 


As  theS.  Com.  Courfe’390  9.89050  As  the  S.  Courfe  39°  9.79887 

Is  to  the  Diffof  Lat.  2662.42488  Is  to  the  Depart.  215.4  2.33325 

So  is  S.  Courfe  390  9.79887  So  is  Radius  10.00000 


12.22375  i2.33325 

9.89050  9.79887 


To  the  Departure  215.4  2.33325  To  the  Diftance  342.3  2.53438 


To  find  the  Difference  of  Longitude,  it  will  be, 

As  S.  Com.  of  Middle  Lat.  470  44'  9.82774 
Is  to  the  Departure  215.4  2-33325 

So  is  Radius  -  10.00000 


i2-33325 

9.82774 


To  the  Difference  of  Longitude  320.3  2.50551 

Now  as  the  Longitude  left  and  Difference  of  Longitude  are 
both  W.  therefore, 

To  the  Longitude  of  the  Lizard  50  14' W. 

Add  the  Difference  320  Miles,  or  5  20  W. 

The  Longitude  the  Ship  is  in 


10  34  W. 


MIDDLE 

LATITUDE 

SAILING. 

By 

G  U  N  T 

E  R. 

*  Extend  from  51°  to  39°  on  the  Line  of  Sines,  that  Extent  will 
reach  from  266  to  215.4,  the  Departure  on  the  Line  of  Numbers' 
2dly.  Extend  from  39 0  to  Radius,  that  Extent  will  reach  from 
215.4  to  342.3,  the  Diftance.’ 

3dly.  ‘  Extend  from  420  16'  to  Radius  on  the  Line  of  Sines, 
that  Extent  will  reach  from  215.4  to  320.3  the  Miles  of  Difference 
of  Longitude  on  the  Line  of  Numbers' 

By  INSPECTION. 

With  the  Courfe  390  and  4  the  Difference  of  Latitude  133,  I  find 
the  Departure  107.6,  and  the  Diftance  171  ;  which  being  doubled, 
gives  the  Departure  215.2  and  the  Diftance  342,  nearly  as  before. 

Then  with  the  Sine  Complement  of  Middle  Latitude  420,  I  look 
in  the  Column  of  Departure  for  half  the  Departure  107.6,  oppofite 
to  that  in  the  Diftance  Column  is  i6i/,  which  being  doubled  gives 
322,  nearly  as  before,  for  the  Difference  of  Longitude. 

CASE  III. 

Both  Latitudes  and  Diftance  given,  to  find  the  Courfe  and  Difference 

of  Longitude. 

Suppofe  a  Ship  runs  300  Miles  N.  Wefterly,  from  a  Port  in  37° 
North  Latitude,  and  Longitude  10°  25'  W.  until  fhe  be  in  the 
Latitude  410  N.  What  is  her  Courfe  and  Longitude  in  ? 

Latitude  left 
Latitude  in 


Diff.  of  Lat.  Miles  *— ■ 

51  Com,  of  Middle  Latitude. 


37  N-  379 
41  N.  41 


4  2)  78  Sum  is 
60  — - — 

-  39  Middle  Latitude. 

240  90 


To 
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To  find  the  Conrfe  it  will  be. 

As  the  Diftance  300  2.47712 
Js  to  Radius  io.cocoo 

So  is  the  Diff.  of  Lat.  240  238021 


12.38021 
2.477 1 2 

'To  theS.Com.Cou. 36°  52'  9  go 509 


Longitude  Left  - ■ 

Difterence-of  Longitude 


To  find  Diff.  of  Lon.  it  will  be, 

As  S.  Com.  Mid.  Lat.  390  989050 
Is  to  T.  of  the  Cou.  36°  5  2/ 9. 87501 
So  is  the  Diff.  of  Lat,  240  2.38021 


12.25522 

9.S9C50 

To  Diff.  of  Long.  231  6  z  36472 


10.25  ^r* 
3.52  W. 


14.17  the  Longitude  in  W. 


By  G  U  N  T  E  R. 

*  The  Extent  from  the  Diftance  300  to  the  Difference  of  Lati¬ 
tude  240  on  the  Line  of  Numbers ,  will  reach  from  Radius  to  33“  8 
the  Sine  Complement  of  Courfe  on  the  Line  of  Sine  1  *,  hence  the 
Courfe  is  36°  52',  or  N.  W.  by  N.  £  Weft  nearly. 

2dly.  ‘The  Extent  from  530  8  to  36°  52'  on  the  Line  of  Sines, 
will  reach  from  the  Difference  of  Latitude  240,  to  the  Departure 
j8o. 

3dly.  ‘The  Extent  from  51°  the  Sine  Complement  of  Middle 
Latitude  to  Radius  on  the  Line  of  Sines ,  will  reach  from  the  De¬ 
parture  180  to  the  Difference  of  Longitude  231.6011  on  t|ie  Line  of 
Numbers' 


By  INSPECTION. 

With  the  Diftance  3C0,  and  Difference  of  Latitude  240,  look  in 
the  Tables  till  they  are  found  to  agree  in  their  refpeebive  Columns  j 
the  neareft  to  which  is  300  and,  239.6,  under  370,  and  oppofite  to 
them  ftands  1 80.5  in  the  Column  of  Departure ;  then  over  the 
Degrees  of  the  Complement  of  Middle  Latitude  510,  and  oppofite 
to  the  Departure  180  ftands  in  the  Diftance  Column  232  for  the 
Difterence  of  Longitude,  nearly  as  before. 

Thefe  InftrudHons,  being  well  underftood,  are  fufficient  to  in¬ 
form  the  Reader  how  to  work  any  of  the  following  Cafes. 


CASE 
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/ 


Si 


CASE  IV. 

Both  Latitudes  and  Departure  from  the  Meridian  given,  to  find  the 
Courfe,  Difiance ,  and  Difference  of  Longitude. 

A  Ship  in  Latitude  490  57'  N.  and  Longitude  50  24'  W.  fails 
South-wefterly  ;  till  the  Departure  be  789  Miles,  and  fhe  be  in 
Latitude  390  ^o,  N.  I  demand  the  Courfe,  Diftance,  and  Longitude 
the  Ship  is  in  ? 

Latitude  left  49  57  N.  49  57  N. 

Latitude  in  39  20  N.  39  20  N. 

10  37  2)  89  17  Sum  is 

60  - - 

— — —  44  38  Middle  Latitude. 

Differ,  of  Lat.  637  Miles.  90  00 

45  22  Com.  Middle  Latitude. 


As  the  Diff.  of  Lat.  637  2.80414  As  the  S.  Courfe  5 1 0  5'  9.89101 

Is  to  Radius  10.00000  Is  to  the  Depart.  789  2  89708 

So  is  the  Departure  789  2.89708  So  is  Radius  10.00000 


12.89708  12.89708 

2.80414  9.89101 


To  theT, of  theCou.^i°5/ 10.09294  To  the  Diftance  1014  3.00607 


As  S. Com. Mid. Lat.  45°22/9. 83225  Lon.  the  Ship  failed  from  5  24  W. 
Is  to  the  Departure  789  2.89708  Dif.  of  Lon.  1 109  Miles,or  18  29  W. 

So  is  Radius  10.00000  - — 

• - -  Longitude  the  Ship  h  in  23  53  W. 

12.89708  * - - 

9.85225 

To theMilesDiff.Lon.  1 109  3.04483 


L 


CASE 
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CASE  V. 


One  Latitude,  Courfe ,  and  D  fiance  given ,  to  find  the  Difference  oj 
Latitude  and  Difference  of  Longitude. 

A  Ship  in  Latitude  420  30'  N.  and  Longitude  180  31'  W.  fails 
S.  E.  by  S.  591  Miles,  or  197  Leagues.  I  demand  the  Latitude  and 
Longitude  the  Ship  is  in  ? 


As  Radius  io.oooco 

Is  to  the  Diftance  591  2.7 7x59 

So  isS.  Com.  Courfe  3  Pts.  9  91985 

12.69144 

10.00000 


TotheDiff.ofLat.  491.4  2.69144 

Asthe  S.Co.Mid.L.  38°24'  9.89415 
Is  to  the  S.  Courfe  3  Pts.  974474 
So  is  the  Diftance  591  2  77159 


1251633 

9.89415 


To  the  Diff.  of  Long.  419  2.62218 


Lat  left 
Di.Lat.491  \ 
Miles,  or  3 


Latitude  left 
Latitude  in 


42®  30' N. 
8  11  S. 


34  19  N. 


42  30 

34  19 

76  49  Sum  is 

38  24  Mid.  Lat.  ’ 

90  00 

51  36  Co.  M.  Lat. 


Lon.  the  Ship  failed  from  18  31  W. 
Diff.  of  Long.  419,  or  6  59  E. 


Long.'in 


11  32W. 


CASE  VI. 

One  Latitude,  Courfe,  and  Departure  given ,  to  find  the  Diftance , 
Difference  of  Latitude ,  and  Difference  of  Longitude. 

A  Ship  fails  E.  S.  E.  from  a  certain  Port,  in  Latitude  50°  10'  S. 
and  Longitude  io°  16'  E.  until  her  Departure  from  the  Meridian 
be  957  Miles;  I  demand  her  Diftance  failed,  and  the  Latitude  and 
Longitude  the  Ship  is  in  ? 

As  the  S.  Courfe  6  Pts.  9.96562  Latitude  left  50°  io'  S. 

Is  to  the  Dep.  957  2.9S091  Diff.  Lat.  396,  or  6  36  S.  * 

SoisS.  Com.  Cou.  6  Pts.  9.58284  _ 

- -  Latitude  in  “  56  46  S. 

12.56375  - 

9.96562 

TotheDiff,  ofLat.  396.4  2.59813 


As 
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As  Sine  Courfe  6  Pts.  9.96562 
Is  to  the  Depart.  957  2.98091 

So  is  Radius  10.00000 


12.98091 

9.96562 

To  the  Diftance  1036  3-01529 


Lat.  left 

5°° 

10' S. 

Lat.  in 

56 

46  S. 

2) 

106 

56  Sum  is 

53 

28  Mid.  Lat. 

90 

00 

36 

32  Com.  Mid.  Lat. 

As  the  S.  Com.Mid.Lat.  530  28'  9.77473 

Is  to  the  Depart.  957  2.98091  Long,  left  is  io°]6/E. 

So  is  Radius  10.00000  Diff.  Lon.  1608,  or  26  48  E. 


12.98091  Long,  in  37  4  E. 

9-77473  - - 


To  the  Miles  Diff.  of  Long.  1608  3  20618 


CASE  VII. 

One  Latitude,  Difiance  failed,  and  Departure  from  the  Meridian 
given,  to  find  the  Courfe ,  Difference  of  Latitude,  and  Difference  of 
Longitude. 

A  Ship  in  Latitude  490  30''  N.  and  Longitude  140  40'  W.  fails 
South  Eaftward  645  Miles,  until  her  Departure  from  the  Meridian 
be  500  Miles  •,  I  demand  the  Courfe  fteered,  and  the  Latitude  and 


Longitude  the  Ship  is 

m  f 

As  the  Diftance  645 

2.80956 

Is  to  Radius 

10.00000 

So  is  the  Departure  500 

2.69897 

12.69897 

2.80956 

To  S.  Courfe  50°  50' 

9.88941 

Lat.  left  is 

49°  3°'  N. 

Diff.  Lat.  407,  or 

6  47  S. 

Lat.  in 

42  43  N. 

As  Radius  10.00000 

Is  to  the  Diftance  645  2.80956 
So  is  S.  Co.Cou.  50°  50'  9.80043 


12.60999 

10.00000 

To  the  Diff.  of  Lat.  407.3 

2.60999 

Lat.  left 

Lat.  in 

49  3° 

42  43 

Sum  is 

92  13 

Middle  Lat. 

46  6 

90 

Com.  Mid.  Lat. 

43  54 

2 


As 
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As  S.  Com  Mid.  Lat.  46.6  9.84098 

Is  to  the  Departure  500  2.69897  Long.  left  140  40' W. 

So  is  Radius  10.00000  Diff.  Lon.  721,  or  12  01  E> 

/  _  _ 

iz  69897  Long,  in  2  39  W. 

9.84098  -  ■  ■  — 

TotheDlff.of  Long.  721. 1  2.85799 


To  Solve  a  Traverfe  in  Middle  Latitude  Sailing. 

How  to  Solve  compound  Courfes,  or  Traverfes  on  the  Principles 
of  Plane  Waiting,  has  already  been  {hewn  •,  but  it  is  neceffary  alfo  to 
fliew  how  the  proper  Allowances  for  Longitude  are  to  be  introduced 
into  fuch  Accounts,  which  is  eafily  done,  by  either  of  the  following 
Methods. 

I  ft.  Complete  the  Traverfe  Table  to  each  Courfe  and  Diftance, 
and  find  the  whole  Difference  of  Latitude,  Departure,  and  Latitude 
come  to. 

2dly.  With  the  whole  Difference  of  Latitude  and  Departure,  find 
the  direct  Courfe  and  Diftance. 

3dly.  With  the  Latitude  left  and  the  Latitude  come  to,  find 
the  Complement  Middle  Latitude ;  with  which  and  the  Departure, 
find  the  Difference  of  Longitude. 

This  Method  is  generally  ufed  in  working  a  Day’s  Work  at  Sea  ; 
but  thofe  that  want  more  Accuracy  may  work  by  the  following 
Method,  which  fhould  always  be  done  in  Latitudes  exceeding  5 1  oi 
520  where  the  Meridians  converge  very  faft,  and  the  nearer  th< 
Poles  the  greater  will  be  the  Error  ;  but  the  following  Method  wil 
be  exact  enough  in  any  Latitude  where  Navigation  is  practical. 

By  the  feveral  Differences  of  Latitude  found  in  the  Traverf; 
Tables,  find  the  Latitudes  come  to,  Middle  Latitudes,  and  Com¬ 
plement  Middle  Latitudes  ;  with  each  Complement  Middle  Lati. 
tude  and  correfponding  Departure,  find  the  Difference  of  Longitud< 
to  each  Courfe,  and  fet  them  down  in  the  Columns  marked  Eaf 
or  Weft,  according  to  the  Departure  ufed  :  Add  up  both  the  Eaf 
and  Weft  Columns  of  Longitude,  and  the  Difference  of  their  Sumi 
will  be  the  whole  Difference  of  Longitude. 

Hence  the  Longitude  in,  at  the  End  of  each  Courfe  may  be  readily 
found  by  adding  the  Difference  to,  or  fubtra&ing  it  from  th< 
Longitude  left,  according  as  the  Cafe  requires ;  as  may  be  feen  ir 
the  following  Traverfe. 

EXAMPLE. 

Suppofe  a  Ship  from  the  Land’s  End,  in  Latitude  506  60'  N.  anc 
Longitude  6°  W.  is  bound  to  Gibraltar  in  the  Latitude  36°  1 2'  N 
and  Longitude  40  53'  W.  but  by  reafon  of  contrary  Winds  i: 
obliged  to  fail  as  follows,  viz.  S.  by  W.  24  Miles,  W.  S.  W.  32 

N, 
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N.  W.  f  W.  41,  S.  S.  E.  |  E.  49,  E.  N.  E.  £  E.  19,  W.  21, 
N.  E.  4  E.  36,  S.  41,  S.  S.  W.  92,  and  N.  36  ;  I  demand  the 
Latitude  and  Longitude  the  Ship  is  in,  and  what  Courfe  fhe  muft 
fteer,  and  how  far,  to  gain  her  intended  Port  ? 

With  the  Difference  of  Latitude  and  Difference  of  Longitude 
between  the  Land’s  End  and  Gibraltar,  the  direct  Courfe  is  found 
by  Cafe  I.  to  be  S.  30  211'  E.  or  S.  £  E.  nearly,  and  Diftance 
835  Miles, 

Now  to  work  the  above  Traverse. 


Find  the  Difference  of  Latitude  and  Departure  for  each  Courfe 
and  Diftance,  either  by  Infpeftion  or  otherwife,  as  taught  in  Plane 
Sailing ;  which  fet  down  in  the  Traverfe  Table  in  their  proper 
Columns. 

Add  to  the  Traverfe  Table  4  Columns,  in  which  write  Diff. 
Long,  Long,  in,  and  Lat.  in. 

Then  with  the  Difference  of  Latitude  and  Departure  belonging 
to  the  firft  Courfe,  proceed  to  find  the  Latitude  in,  Middle  Lati¬ 
tude,  Complement  Middle  Latitude,  Difference  of  Longitude,  and 
Longitude  in,  as  follows  : 


Lat.  Land’s  End  50°  6'  N. 


Diff.  Lat. 

00  23 

Lat.  in 

49  43 

Latitude  left 

50  6 

The  Sum 

99  49 

Mid.  Lat. 

49  54 
90 

As  the  S.  Com.  Mid.  Lat.  49.54  9.80897 
Is  to  the  Departure  4.7  0.67210 

So  is  Radius  10.00000 


1 0.672 10 
9.80897 

To  the  Diff.  of  Longitude  7.3  0.86313 


Com.  Mid.  Lat.  40  06 


6°  o'  W. 
o  7  W. 


6  7 


Now  to  the  Diff.  of  Longitude 
Add  the  Diff.  of  Longitude 

Longitude  in 


In  like  Manner  proceed  with  the  other  Courfes,  and  when  found 
as  above,  will  ftand  as  in  the  following  Traverfe  Table. 

Note.  In  adding  or  fubtrafting  the  Latitude  and  Longitude,  if 
the  Tenths  in  the  Difference  be  above  5,  call  them  1,  if  not,  rejeft 
them. 


The 
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The  TRAVERSE  TABLE. 


Couries. 

Uilt. 

Diff.  Lat. 

_  i 

Departure 

Diff. 

Long. 

Lat.  in. 

Lon. in. 

N. 

S. 

E. 

W. 

E 

W. 

50.  6 
—  23 

6.  0 
+•  7 

S.  by  W. 

24 

23.5 

47 

7-3 

49-4  3 

-  12 

6.  7 

+•46 

w.  s.  w. 

3Z 

12.2 

29.6 

457 

49.31 
+  .26 

6. S3 
+•49 

N.  W.  AW. 

41 

26.0 

31-7 

49. 

49  57 
—  44 

7  42 

—  32 

S.S.E.AE. 

49 

44-3 

21.0 

32.4 

49- 1 3 
+  •  5 

7.10 

—.28 

E.RE.fE. 

l9 

4.6 

184 

28  2 

49.18 

0.00 

6.42 

+.32 

W. 

ZI 

21. 

32.2 

49.18 
+  .23 

7.14 

—  43 

N.  E.  i  E. 

36 

22  S 

27.8 

42.8 

49.41 

-.41 

6.31 

0 

S. 

4' 

41 .0 

49.  0 
-1  25 

6.31 

+•53 

s.  s.  w. 

92 

85.0 

3;-2 

53-° 

47-35 

+-36 

7-24 

0.00 

N. 

56 

36.0 

4S.  1 1 

7.24 

- 

89.  <2 

206.0 
8?  4 

67.2 

122.2 

67.2 

103.4 

187.2 
i°3  4 

Diff 

Lat 

1 16.6 

Dq 

55- 

82.8 

Hence  it  is  plain,  that  the  Ship  has  made  of  Southing  1 16.6,  or 
1 17  Miles, m°  57',  which  being  fubtradled  from  the  Latitude  left 
50°  6',  leaves  48°  cf  the  Latitude  in  $  it’s  differing  2  Miles  from 
that  {landing  in  the  Tables,  is  owing  to  the  Tenths  happening  to  he 
taken  too  large  in  finding  the  fuccefiive  Latitudes. 

N.  B.  The  Column  of  Long,  in,  may  be  omitted,  for  if  the  whole 
Dili,  of  Long,  be  added  to  the  Long,  left,  it  will  give  the  Long,  in 

The 
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The  Meridional  Diftance  or  Departure  is  55  Miles  Weft,  and 
the  Difference  of  Longitude  83.8  or  84  Miles  art9  24'  Weft,  which 
being  added  to  the  Lofigitude  left  68  o',  gives  70  24'  W.  the  Lon¬ 
gitude  in,  the  fame  as  in  the  Table. 

Now  to  find  the  direft  Courfe  and  Diftance  to  the  intended  Port. 
From  the  Lat.  in  48?  9'  4S.  9  From  the  Lon.  in  70  24W. 

36.12  Take  Lon.  Gibra.  4  53W. 


Take  the  Lat. Gibraltar  36  12 


1157  84.21  Sum  is.  Diff.  of  Long.  2  31 

60  —  60 


Diff.  Lat.  in  Miles  717 


42.10  Mid.Lat. 


In  Miles 


15 1  E. 


As  the  Diff.  of  Lat.  717  2.85552 
Is  to  the  Diff.  of  Long.  151  2.17898 
SoisS.  Com.  Mid.  Lat.  42.10  9.86993 

12.04891 

2.85552 


As  S. Com  Cou.8°52'  9.99478 
Is  totheDiff.ofLat.717  2.85552 
So  is  Radius  ic. 00000 


12.85552 
9  9947s 


To  the  Tang.  Courfe  8°  52'  9.19339  To  the  Diftance  725.7  2.86074 

Hence  the  direft  Courfe  to  Gibraltar  is  S.  8°  42'  E.  or  S  i-  F 
Diftance  726  Miles.  5  4 

Though  this  Method  of  finding  the  Difference  of  Longitude  for 
each  Courfe  and  Diftance  be  true,  yet  on  account  of  its  being 
tedious,  is  never  praftifed  at  Sea.  The  Mariner  only  finds  the 
Difference  of  Latitude  by  Infpeftion  for  each  Courfe  and  Diftance, 
as  in  Plane  Sailing ;  and  having  the  Latitude  left,  and  the  Differ¬ 
ence  of  Latitude,  and  confequently  the  Latitude  in,  with  the  Sine 
Complement  Middle  Latitude,  and  the  wnole  Departure,  finds  the 
Difference  of  Longitude  made  upon  the  feveral  Courfes,  which  is  of 
fufficient  Exadlnefs  for  any  Day’s  Run,  as  may  be  feen  by  the 


Lat.  left 

50°  6' 

As  the  Sine  Com.  Mid.  Lat. 

Lat.  in 

48  9 

Is  to  the  Departure 

So  is  Radius  — 

Sum  is 

2) 98  15 

Mid.  Lat. 

49  7 

To  the  Diff.  of  Long. 

55 


84 


1 .74036 
jo.oo'ooo 

1 1.74036 
9.81592 

1.92444 


'  Nearly  the, fame  as  found  by  the  other  Method. 

All  the  above  may  be  wrought  by  Inlpedion,  or  by  Gunter 
butllhailleave  it  for  the  Learner’s  Practice,  and  proceed  to  the 
true  Method  of  Sailing,  invented  by  Mr.  Edward  Wright ,  com¬ 
monly  called  Mercator's  Sailing.  6 


MER- 
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MERCATOR’S  SAILING. 

PLANE  SAILING,  as  has  been  before  obferved,  fuppofes  the 
Earth  and  Sea  to  be  in  the  Form  of  a  Bowling-Green,  on 
which  the  Meridians  are  parallel,  and  the  Degrees  of  Latitude  and 
Longitude  equal  in  all  Places ;  but  the  Earth  and  Sea  is  a  round 
Body  or  Globe,  on  which  the  Degrees  of  Latitude  are  equal  in  all 
Places,  and  the  Degrees  of  Longitude  decreafe  from  the  Equator  in 
Proportion  to  the  Sine  Complement  of  the  Latitude. 

Though  the  Meridians  do  all  meet  at  the  Pole,  and  the  Parallels 
to  the  Equator  do  continually  decreafe,  and  that  in  Proportion  to 
the  Co-Sines  of  their  Latitudes ;  yet  in  old  Sea  Charts  the  Meridians 
were  drawn  parallel  to  each  other,  and  confequently  the  Parallels  of 
Latitude  made  equal  to  the  Equator,  and  fo  a  Degree  of  Longitude 
on  any  Parallel,  as  large  as  a  Degree  on  the  Equator :  Alfo  in  thefe 
Charts  the  Degrees  of  Latitude  were  ftill  represented  (as  they  are  in 
themfelves)  equal  to  each  other,  and  to  thofe  of  the  Equator ;  by 
thefe  Means  the  Degrees  of  Longitude  being  increafed  beyond  their 
juft  Proportion,  and  the  more  fo  the  nearer  they  approach  the  Pole, 
the  Degrees  of  Latitude  at  the  fame  time  remaining  the  fame, 
it  is  evident  Places  muft  be  very  erroneoufly  marked  down  upon 
thofe  Charts  with  refpect  to  their  Latitude  and  Longitude,  and 
confequently,  their  Bearing  from  one  another  very  falfe. 

To  remedy  this  Inconvenience,  fo  as  ftill  to  keep  the  Meridians 
parallel,  it  is  plain  we  muft  protra£l  or  lengthen  the  Degrees  of 
Latitude  in  the  fame  Proportion  as  thofe  of  Longitude  are,  that  fo 
the  Proportion  in  Eafting  or  Welling  may  be  the  fame  with  that 
of  Northing  or  Southing  ;  and  confequently  the  Bearing  of  Places 
frorq  each  other  be  the  fame  upon  the  Chart  as  upon  the  Globe 
itfelf. 

Now  to  difcover  how  the  Meridians  are  expanded  from  the 
Equator,  in  Proportion  to  the  Degrees  of  Longitude  decreafing 
towards  the  Poles. 

Let  A  B  D  in  the  annexed  Scheme,  reprefent 
the  Quarter  of  a  Meridian  ;  F  B,  the  Radius  of 
a  Parallel  of  Latitude;  now  C  G,  which  is  equal 
to  F  B,  is  to  C  D,  as  a  Degree  on  the  Parallel 
is  to  a  Degree  on  the  Meridian,  or  any  great 
Circle ;  and  as  C  G  is  to  C  D,  fo  is  C  B  to 
C  E,  the  Secant  of  the  Latitude  of  the  Parallel. 

Therefore  in  a  Projection  of  the  Globe  where 
the  Meridians  are  kept  .parallel,  it  is  evident,  a 
Degree  on  the  Meridian  at  any  Parallel  muft  be 
equal  to  the  Secant  of  the  Latitude  of  that  Pa- 
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rallel ;  and  the  Diftance  of  any  Point,  upon  the  Meridian,  from  the 
Equator,  is  equal  to  the  Sum  of  the  Secants  contained  between  it 
and  the  Equator. 

Hence  it  is  evident,  that  by  a  continual  Addition  of  Secants,  be¬ 
ginning  at  the  Equator,  a  Table  of  Meridional  Parts  may  be  com- 
pofed  for  every  Degree  and  Minute  in  the  Quadrant. 

Therefore  the  Meridional  Difference  of  Latitude  between  any 
two  Places  may  be  eafily  found,  by  finding  the  Meridional  Parts 
anfvvering  to  both  Latitudes,  and  either  adding  or  fubtraDing,  ac¬ 
cording  as  the  Cafe  requires  •,  that  is,  if  both  North,  or  both  South, 
fubtraft  ;  but  if  one  North  and  the  other  South  added,  gives  the 
Meridional  Difference  of  Latitude  between  them  :  But  the  Meri¬ 
dional  Difference  of  Latitude  between  any  Place  and  the  Equator 
is  found,  by  taking  the  Meridional  Parts  belonging  to  the  Latitude 
of  that  Place. 

To  find  the  Meridional  Parts  belonging  to  any  Number  of  De¬ 
grees  and  Minutes  of  Latitude  acquired. 

In  the  Table  of  Meridional  Parts-,  feek  the  Degrees  on  the  upper 
Part  of  the  Table,  and  in  the  left  or  right  Hand  Column  the  Mi¬ 
nutes  marked  on  the  Top  with  M.  oppofite  to  which,  and  under 
the  Degrees  is  the  Meridional  Parts  required. 

Suppofe  the  Meridional  Parts  belonging  to  57°  18'  were  re¬ 
quired  ? 

Look  in  the  Table  under  57 °,  and  oppofite  to  18'  ftands  4216, 
the  Meridional  Parts  of  570  18'. 

The  fame  may  be  obferved  of  any  Degrees  and  Minutes  re¬ 
quired  ? 

Now  in  order  to  work  the  following  Problems,  obferve,  that 
the  Meridional  Difference  of  Latitude,  bears  the  fame  Proportion  to 
the  Difference  of  Longitude,  that  the  proper  Difference  of  Latitude 
does  to  the  Departure  ;  and  that  the  Sine  of  the  Courfe,  bears  the 
fame  Proportion  to  the  Difference  of  Longitude,  as  the  Sine  Com¬ 
plement  of  the  Courfe  does  to  the  Meridional  Difference  of  La¬ 
titude. 

CASE  I. 

The  Latitude  and  Longitude  of  two  Places  given ,  to  find  the  Courfe  and 

Dijiance  between  them. 

What  is  the  Courfe  and  Diftance  from  the  Lizard  to  the  Ifland  of 
Barbadoes  ? 


Lat, 


M 
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Lat.  of  the  Lizard  49°  5"'N.  Mend.  Parts  3470  Lon.  5.14W. 
Lat.  of  darbadoes  12.  58N.  -  705  Lon.  38.50  VV. 

36.59  Merid.  DifF.  Lat.  268;  53-36 

60  -  60 


ProperDif.Lat.inMiles  2219 


DifF.  Long.  3216  Miles. 


By  PROJECTION. 


Draw  the  Meridian,  and  upon  it  fet  off  the  Meridional  Difference 
of  Latitude  2685  Miles,  the  upper  End  of  which  win  reprefent  the 
Lizard,  and  upon  the  other  raife,  a  Perpendicular,  which  make  equal 
to  3216,  the  Difference  of  Longitude  3  between  that  and  the  Lizard 
draw  a  Line,  and  the  Angle  which  it  makes  with  the  Meridian  will 
be  the  Courfe. 

2cily.  Take  in  your  Compa.Tes  2219  the  proper  Difference  of 
Latitude,  and  lay  it  from  the  Lizard  upon  the  Meridian,  and  through 
where  it  cuts,  draw  a  Line  parallel  to  the  Difference  of  Longitude, 
which  will  be  the  Departure;  and  the  Point  where  it  cuts  the  Hy- 
pothenufe  will  reprefent  Barbadces ;  the  Diltance  between  -which, 
and  the  Lizard  being  meafured  on  the  fame  Scaie,  will  be  3463 
Miles,  the  Diftance  required. 

See  the  Note  in  Cafe  I.  Middle  Latitude  Sailing. 


By  CALCULATIO  N. 


To  find  the  Courfe,  it  will  be, 

AstheMer.Diff.ofLat  26S5  3  42894 
Is  to  Radius  io.coooo 

So  is  theDiff.  ofLong.5216  3.70732 


13.50732 

3.42894 

To theT.cft'neCou.  5o°9/ 10.07838 


To  find  the  Diff.  it  will  be, 

As  the  S  Com.  Ccu.  50°  g'  9.8067 1 
Is  to  properDiff.Lat.  22193.34616 
So  is  Radius  10.00000 


13.32616 

9.80671 

To  the  Diftance  3463  3-53945 


Hence 
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Hence  the  diredf  Courfe  between  the  Lizard  and  Barbadoes  is 
S.  50°  9'Weft,  or  S.  W.  4  "VV.  nearly,  Diftance  3463  Miles. 

By  GUNTER. 

*  The  Extent  from  the  Meridian  Difference  of  Latitude  2685  t0 
the  Difference  of  Longitude  3216,  on  the  Line  of  Numbers ,  will 
reach  from  Radius  to  50°  9',  on  the  Line  of  Tangents. t 

2dly.  ‘  The  Extent  from  the  Sine  Complement  Courfe  390  51' 
to  Radius  on  the  Line  of  Sines,  will  reach  from  the  proper  Differ¬ 
ence  of  Latitude  2219,  to  the  Diftance  3463,  on  the  Line  of 
Numbers. 

By  INSPECTION. 

Seek  the  Meridian  Difference  of  Latitude  and  Difference  of  Lon¬ 
gitude  together  in  the  Tables,  like  Difference  of  Latitude  and  De¬ 
parture,  and  the  Courfe  will  be  found  among  the  Degrees. 

Then  with  the  Courfe  and  proper  Difference  of  Latitude,  find 
the  Diftance;  in  the  laft  Cafe  it  will  be  thus:  The  20th  Part  of 
3216  and  2685  afe  i6o.8  and  135-3  nearly;  the  neareft  to  which 
in  the  Table  are  135  and  160  over  50°,  then  with  che  Courfe  50° 
and  20th  of  the  Difference  of  Latitude  1  11  nearly,  oppofite  to  that 
in  the  Diftance  Column  ftands  173,  which  being  multiplied  by 
20,  is  3460  the  Diftance,  nearly  the  fame  as  before. 

CASE  II. 

Both  Latitudes  arid  Courfe  given ,  to  find  the  Difiance  and  Difference  of 

Longitude. 

A  Ship  fails  from  the  Lizard,  and  makes  her  Courfe  S.  390  "W.  cr 
S.  W.  by  S.  4-  W.  and  then  by  Obfervation  is  in  Latitude  450  31'  N. 
I  demand  the  Diftance  run,  and  Longitude  fire  is  in  ? 

I  at.  of  the  Lizard  490  57' N.  Meridian  Parts  3470 
Lat.  by  Obfervation  45  31  N.  Meridian  Parts  3074 

4  26  Mer.  Difr,  of  Lat.  396 
60  — — 


Proper  Diff.  of  Lat.  266 
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By  PROJECTION. 

Draw  a  Meridian,  the  lower  End  of  which  will  reprefent  the 
Ship’s  Place  in  her  firft  Latitude. 

Take  the  proper  Difference  of  Latitude  266  in  your  Compaffes, 
and  with  one  Foot  in  the  Ship’s  Place,  lay  the  other  upon  the  Me¬ 
ridian,  then  take  the  Meridian  Difference  of  Latitude  396  in  your 
Compaffes,  and  with  one  Foot  in  the  Ship’s  Place,  as  before,  lay 
the  other  upon  the  Meridian,  and  upon  thefe  two  Points  raife  Per¬ 
pendiculars,  then  a  Line  drawn  from  the  Ship’s  Place,  making  an 
Angle  with  the  Meridian  equal  to  39‘“  the  Ship’s  Courfe,  will  cut 
the  two  Perpendiculars ;  the  firft  will  be  the  Departure,  which 
terminates  the  Diftance  342,  and  the  other  will  be  the  Difference 
of  Longitude  321  Miles. 

From  what  has  been  faid,  it  is  plain  that  any  Cafe  in  Mercator's 
Sailing  may  be  projected  as  a  Right-angled  Triangle,  by  only  con- 
fidering  the  Difference  of  Longitude  or  Departure,  as  the  Bafe ;  the 
Meridian,  or  proper  Difference  of  Latitude,  as  the  Perpendicular ; 
the  Hypothenufe  cut  by  the  Departure,  as  Diftance  ;  and  the  An¬ 
gle  which  that  makes  with  the  Perpendicular,  the  Courfe  ;  for  in 
all  Cafes  in  Mercator’s  Sailing ,  the  Meridian  Difference  of  Latitude 
bears  the  fame  Proportion  to  the  Difference  of  Longitude,  that  the 
proper  Difference  of  Latitude  does  to  the  Departure. 

Thefe  Inftrutftions,  being  well  underftood,  will  be  fufficient 
to  inform  the  ^Learner  how  to  conftru£l:  any  of  the  following 
Cafes. 


By  CALCULATION. 


To  find  the  Diftance 

As  the  S.  Com.  Cou.  390  9.89040 
Is  to  the  Diff  of  Lat.  266  2.42488 
So  is  Radius  10.00000 


1 2.42488 
9,89050 


To  the  Difiance  342.3  2  53438 


Long,  left 

Diff.  of  Long.  321,  or 
Long,  in 


To  find  the  Diff.  of  Long. 

As  the  S  Com.  Cou.  390  9.89050 
Is  to  Mer.  Diff.  Lat.  396  2.59770 
So  is  S.  Courfe  39°  9.79S87 


12.39657 

9.89050 


To  the  Diff.  of  Long.  320.7  2.50607 


50  r4'W. 
5  21  W. 


10  35  W. 
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By  GUNTER. 

‘The  Extent  from  51°  to  Radius  on  the  Line  of  Sines,  will 
reach  from  the  proper  Difference  of  Latitude  266,  to  the  Diftance 
342.3,  on  the  Line  of  Numbers.’ 

2dly.  ‘  The  Extent  from  51°  to  390  on  the  Line  of  Sines,  will 
reach  from  the  Meridian  Difference  of  Latitude  396,  to  the  Difference 
of  Longitude  321,  on  the  Line  of  Numbers.’ 


By  INSPECTION. 

Under  the  Courfe  390,  and  againft  \  the  Difference  of  Latitude 
133,  Hands  17 1  in  the  Diftance  Column,  which  being  doubled  is 
342  the  Diftance  ;  under  the  fame  Degrees  and  in  the  Latitude 
Column,  look  for  4  the  Meridian  Difference  of  Latitude  198,  againft 
that  in  the  Departure  Column  Hands  160.5,  doubled  is  321,  the 
Difference  of  Longitude. 


CASE  III. 

Both  Latitudes  and  Dijiance  given,  to  find  the  Courfe  and  Difference  of 

Longitude. 

If  a  Ship  runs  300  Miles  N.  Weftward  from  a  Port  in  Latitude 
370  N.  and  Longitude  io°  25'  W.  until  fhe  be  in  Latitude  41?  N. 
I  demand  the  Courfe  fteered,  and  Longitude  fhe  is  in  ? 


Lat.  left  37°  N. 

Lat.  in  4!  N. 


4 

60 

Proper  Dilf.  of  Lat.  240 


Merid.  Parts  3  2393 
i  2702 


Mer.  Diff.of  Lat.  309 


As  the  Diftance  300  2.47712 

Is  to  Radius  10.00000 

So  is  proper  Diff.Lat.  240  2.38021 


12,3802 1 
2.4.7712 


As  S.  Com.Cou.  36°  52'  9.9031 1 
Is  to  Mer.  Diff.  Lat.  309  2.4S996 

So  is  S.  Ccurfe  36°  52'  9.77812 

12  26808 
9.903 1 1 


ToS. Com.Cou.  36°  52'  9.90309  To  Miles  Diff.  Lon.  231.7  2.36497 


Long 
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Long  left  10°  25'  W. 

Diff.  of  Long.  231,  or  3  51  W. 

Long,  in  14  16  W. 


By  G  U  N  T  E  R. 

‘  The  Extent  from  the  Diftance  300,  to  the  proper  Difference 
of  Latitude  240,  on  the  Line  of  Numbers,  will  reach  from  Radius 
to  53°  8/  on  the  Line  of  Sines.* 

2dly.  ‘  The  Extent  from  530  8'  to  36°  52'  on  the  Line  of  Sines, 
will  reach  from  the  Meridian  Difference  of  Latitude  309,  to  the 
Difference  of  Longitude  231.7,  on  the  Line  of  Numbers 


By  INSPECTION. 

Half  the  Didance  150,  and  £  the  Difference  of  Latitude  120, 
will  be  found  (landing  together  in  their  Columns,  nearly  under  370, 
the  Courfe ;  and  in  the  Latitude  Column,  find  f  the  Meridian 
Difference  of  Latitude  154.5,  the  neared  to  it  is  154. 1;  againft 
which  in  the  Departure  Column  dands  116.1,  doubled  is  232.2, 
the  Difference  of  Longitude,  nearly  as  before. 


CASE  IV. 


Beth  Latitudes  and  Departure  from  the  Meridian  given ,  to  find 
the  Courfe,  Dijiance ,  and  Dijferenee  of  Longitude. 

A  Ship  in  Lat.  49°  57'  N.  and  Longitude  50  14' W.  fails  S.  Wed- 
ward  till  her  Departure  from  the  Meridian  is  789  Miles,  and  by 
Obfervation  is  in  Latitude  390  20'  N.  I  demand  her  Courfe 
deered.  Didance  failed,  and  what  Longitude  (he  is  in  ? 


Lat.  left 


Proper  Diff.  Lat.  637 
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As  the  Diff-  of  Lat. 

63  7 

2.80414 

As  S.  Courfe  31 0  5' 

9.89101 

Is  to  Raftu: 

1000000 

Is  to  the  Departure  789 

7.  89708 

So  is  the  Departure 

CO 

2.89708 

So  is  Radius 

1 0.00000 

1.2  89708 

12.89708 

2. 80414 

9  89 lOI 

To  Tang.  Courfe  5 

1°  5' 

10.09294 

To  the  Diftance  10x4 

3.00607 

As  S  Com  Courfe  5  1  0  5'  9.79809 

Js  to  the  Mer  Diff.  of  Lat.  899  2.95  376  Long,  left  5°  14' 

So  is  o.  Courfe  510  /  9.89101  Diff. of  Long,  u  14,  or  18  34 

1284477  Long,  in  Weft  23  48 

979809  - - . 

To  the  Diff.  of  Long.  1114  3.04668 


By  GUNTER. 

‘  The  Extent  from  the  Difference  of  Latitude  637,  to  the  De¬ 
parture  789,  on  the  Line  of  Numbers ,  will  reach  from  Radius  to 
5  i°  5  ,  on  the  Line  of  Tangents.’ 

2dly.  ‘  The  Extent  from  51°  5'  to  Radius  on  the  Line  of  Sines, 
will  reach  from  the  Departure  789,  to  the  Diftance  1014,  on  the 
Line  of  Numbers  ’ 

3d!'/.  ‘The  Extent  from  3S0  55'  to  51°  5',  on  the  Line  of  Sines , 
will  reach  from  the  Merid.  Difference  of  Latitude  899,  to  the 
Difference  of  Longitude  1114,  on  the  Line  of  Numbers’ 

By  INSPECTION. 

The  Difference  of  Latitude  and  Departure  being  found  together, 
will  give  the  Courfe  among  the  Degrees,  and  the  Diftance  in  its 
Column. 

In  the  Latitude  Column  belonging  to  the  Degrees  of  the  Courfe, 
find  the  Merid.  Difference  of  Latitude  ;  oppofite  to  that  in  the 
Departure  Column  will  be  the  Difference  of  Longitude. 

Now  a  6th  of  the  Difference  of  Latitude  637,  and  of  the  De¬ 
parture  789,  are  106. 1,  and  131.5  ;  the  neareft  to  thefe  are  found 
over  the  Courfe  510,  and  the  Diftance  169,  being  multiplied  by  6, 
is  1014,  the  fame  as  before. 


In 
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In  the  Latitude  Column  over  the  fame  Degrees,  look  for  a  6th 
of  the  Merid.  Difference  of  Latitude  899  =  149.8;  againfl:  that  in 
the  Departure  Column  Hands  185,  multiplied  by  6,  is  1 1 10  for  the 
Difference  of  Longitude. 


CASE  V. 

One  Latitude ,  Courfe,  and  Difiance  given,  to  find  the  Difference  of 
Latitude  and  Difference  of  Longitude. 

A  Ship  in  Latitude  420  30' N.  and  Longitude  180  31'  W.  fails 
S.  W.  by  S.  591  Miles.  I  demand  the  Latitude  and  Longitude  the 
Ship  is  in  ? 

As  Radius  io.coooo 

Is  to  the  DHL  591  2.77159 

So  is  S.Co.Cou.  jPts.  9.91985 

12.69144 
io.ocooo 


TotheDiff.Lat.49 1. 4  2.69144 


As  the  S.  Com.  Courfe  3  Pts.  9.91985 

Isto  the  Mer.DifF.  ofLat.  628  2.79796  Long.  left. 

So  is  S.  Couife  3  Pts.  9.74474  Dilf.  Lon.  420,  or  7  o  W. 


12.54270  Long,  in  25  31  W. 

9.91985  - 


Lat.  left  42'  50  ..  t,  C  2822 

Dif.Lat.491,  or  8  11  ‘er‘  2rtS  I  2194 


Lat. 


m 


34  19  Mer.Dif.Lat.  628 


To  the  Miles  Diff.  Long.  419.6  2.62285 


By  GUNTER. 

<  The  Extent  from  Radius  to  5  Pts.  on  the  Line  marked  S.  R. 
will  reach  from  the  Diftance  591,  to  the  Difference  of  Latitude 
491.4  on  lEe  Line  of  Numbers.’ 

2dly.  ‘  The  Extent  from  5  Pts.  to  3  Pts.  on  the  Line  marked  S.  R. 
will  reach  from  the  Merid.  Difference  of  Latitude  628,  to  the 
Difference  of  Longitude  419.6,  on  the  Line  of  Numbers.’ 


By 
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By  INSPECTION. 

I 

Under  the  Courfe  3  Pts.  and  oppofite  a  10th  of  the  Diftance  59.1, 
in  the  Latitude  Column  Hands  49.1,  which  multiplied  by  10,  k 
491,  the  Difference  of  Latitude;  then  find  f  of  the  Meridian  Dif¬ 
ference  of  Latitude  157,  in  the  Latitude  Column;  againfl  which 
Hands  1 05  in  the  Departure  Column  ;  which,  multiplied  by  4, 
gives  420,  the  Difference  of  Longitude. 

CASE  VI, 

One  Latitude ,  Courfe,  and  Departure  given ,  to  find  the  Difiance , 
Differ  ence  of  Latitude,  and  Difference  of  Longitude . 

A  Ship  fails  E.  S.  E.  from  a  certain  Port  in  Latitude  50°  io'  S. 
and  Longitude  io°  i6/E.  until  her  Departure  from  the  Meridian 
be  957  Miles.-  I  demand  the  Diftance  failed,  and  the  Latitude 
and  Longitude  {he  is  in  ? 


As  the  S.  Courfe 
Is  to  the  Departure 
So  is  Radius 


To  the  Diftance 


6  Pts. 
957 


1036 


3.01529 


As  the  S.  Courfe  6  Pts.  9.96562  Lat.  left  500  io'S.  p  f  3490 
Is  to  the  Depart.  957  2.98001  Dif.La.396, or 6  36  S.  r"  ar  3  /  4157 
So  is  S.Com.Cou.6  Pcs.  9  58284 


12.56375 

9.96562 

To  theDif.of  Lat. 396.4  2.598 1 3 


Lat.  in  56  46S.  Mer.Dif. Lat.  667 


As  S.  Com.  Courfe  6  Pts.  9.58284 

Is  to  the  Mer.Dif.  of  Lat.  667  282413  Lorig.  left 

So  is  the  S.  Courfe  6  Pts.  9.96562  Dif.  Long.  16x0,  or 

12.78975  Long,  in 
9.58284 

To  the  Dif.  of  Long.  1610  3.20691 


ic° 16'  E. 
26  50  E. 


37  6  E. 


N 


By 
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By  GUNTER. 

‘  The  Extent  from  6  Pts.  to  Radius  on  the  Line  marked  S.  R. 
will  reach  from  the  Departure  957,  to  the  Diftance  1026,  on  the 
Line  of  Numbers.' 

idly.  ‘  The  Extent  from  6  Pts.  to  2  Pts.  on  the  Line  marked 
S.  R.  will  reach  from  the  Departure  957,  to  the  Difference  of 
Latitude  396.4,  on  the  Line  of  Numbers: 

3dly.  ‘  The  Extent  from  6  Pts.  to  2  Pts.  on  the  Line  marked 
S.  R.  will  reach  from  the  Merid.  Difference  of  Latitude  667,  to 
the  Difference  of  Longitude  1610,  on  the  Line  of  Numbers .’ 

By  INSPECT.  ION. 

Over  the  Courfe  6  Pts.  and  againfl  a  5th  of  the  Departure  197.4, 
Rands  79.2  and  207,  which  multiplied  by  5,  gives  396,  the  Dif¬ 
ference  of  Latitude,  and  1035  for  the  Diftance. 

Then  in  the  Latitude  Column  find  a  1  oth  of  the  Meridian  Dif¬ 
ference  of  Latitude  66.7.  the  neareft  to  that  is  66.6  •,  againfl  which, 
in  the  Departure  Column  Hands  160.8,  multiplied  by  10,  is  1608, 
the  Difference  of  Longitude. 

CASE  VII. 

One  Latitude^  Difiance  failed ,  and  the  Departure  from  the  Meridian 

given,  to  find  the  Courfe ,  Difference  of  Latitude ,  and  Difference 

of  Longitude. 

A  Ship  in  Latitude  490  30'’  N.  and  Longitude  14°  40’  W.  fails 
S.  Eaftward  645  Miles,  until  the  Departure  from  the  Meridian  be 
500  Miles.  I  demand  the  Courfe  fleered,  and  the  Latitude  and 
Longitude  {he  is  in  ? 

As  the  Diftance  645 

Is  to  Radius  - - - 

So  is  the  Departure  500 


To  the  S.  Courfe  500  50' 


Hence  the  Courfe  is  50°  5^  E.  or  S.  E.  4-  E.  nearly. 

-  As 
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As  the  S.  Cou.  50°  50'  9.88948. 

Is  to  the  Depart.  500  2.69897  Lat.  left  490  30'  NM  p  J  3428 

So  is  S.  Co.  Cou.  50°  50'  9.80043  Dif.La.407,  or  6  47  S.  e"  *{2840 

12.49940  Lat.  in  42  43  N.M,Dif.La.588 
9.88948  - —  - • 

To  the  Diff.  of  Lat.  407  2.60992 


As  S.  Com.  Courfe  509  50'  9  80043 

Is  to  the  Mer.  Diff.  of  Lat.  588  2.76938  Long,  left  i4°4o' W. 

So  is  S.  Courfe  50  50  988948  Diff.of  Lon.  722,  or  1 2  02  E. 

12.65886  Long,  in  2  38  W. 

9.80043 

To  the  Diff.  of  Lon.  721.8  2.85843 


By  GUNTER. 

*  The  Extent  from  the  Diftance  645,  to  the  Departure  500  on 
the  Line  of  Numbers ,  will  reach  from  Radius  to  50®  50'  on  the  Line 
of  Sines. 

2dly*  ‘  The  Extent  from  500  50'  to  390  10'  on  the  Line  of  Sines, 
will  reach  from  the  Departure  500,  to  the  Difference  of  Latitude 
407,  on  the  Line  of  Numbers.'' 

3dly.  ‘  The  Extent  from  50°  50'  to  390  10'  on  the  Line  of  Sines, 
will  reach  from  the  Meridian  Difference  of  Latitude  588,  to  the 
Difference  of  Longitude  722,  on  the  Line  of  Numbers, 

By  INSPECTION. 

Now  a  5th  of  the  Diftance  and  Departure  are  129  and  100,  and 
are  found  together  over  510;  and  in  the  Latitude  Column  ftands 
81.2,  which  multiplied  by  5,  is  406,  the  Difference  of  Latitude. 

Then  in  the  Latitude  Column  feek  f  of  the  Merid.  Difference  of 
Latitude  147,  the  neareft  is  146.6;  againft  which  in  the  Departure 
Column  ftands  181.1,  multiplied  by  4,  is  724.4,  the  Difference  of 
Longitude. 


N  2 
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CASE  VIII. 

One  Latitude,  Courfe,  and  Diffircnce  of  Longitude  given,  to  find  the 
D  fiance ,  and  Difference  of  Latitude. 

If  a  Ship  fails  S.  "W.  by  W.  from  the  Lizard,  until  (he  be  in  Lon¬ 
gitude  57P  26C  I  demand  the  Latitude  the  Ship  is  in,  and  Diftance 
failed  ? 

Longitude  failed  from 
Longitude  the  Ship  is  in 


Diff.  of  Longitude  in  Miles 

Draw  A  E  to  reprefent  the  Lizard,  at  A  make  an  Angle  equal  to 
the  Courfe  of  5  Points  ;  then  draw  F  C  parallel  to  A  E,  at  the  Dif- 
tance  of  3132  Miles,  the  Difference  of  Longitude,  which  will  meet 
C  F  in  C  -,  let  fall  the  Perpendicular  C  E,  then  A  E  will  be  the  Me¬ 
ridional  Difference  of  Latitude  2093,  and  3470 —  2093=  1 377,  the 
Meridional  Parts  of  the  Latitude  come  to,  which  in  the  Tables  gives 
220  22'  the  Latitude  come  to-,  then  fet  off  the  proper  Difference  of 
Latitude  1655  from  A  toward  E,  at  the  End  of  which  draw  a  Line 
parallel  to  the  Difference  of  Longitude,  and  that  will  be  the  Depar¬ 
ture,  and  where  it  outs  the  Line  A  C,  to  A,  being  meafured,  will  be 
the  Diftance  11:2979  Miles  5  to  find  which  by  Calculation. 


As  the  S.  Courfe  5 
Is  to  the  Diff.  Lon. 
So  is  S.  Cou.  5  Fts. 

Pts.  9.91589 
3132  3-49582 
2-74474 

Lat.  Lizard  49^57' 
Lat.cometo  zz  22 
Diff.  Lat.  Z7  35 
60 

Mer.  Fts. 
Mer.  Diff. 

Mer.  Pts.  ' 

34*° 

2°93 

1 

1 3  Z4ce5 
9.91985 

\  l3~7 

# 

Diff.  in  Miles  1655 

To  Mer.  Diff.  Lat.  ZC93  3  32071 


As  Sine  Com.  Ccurfe  5  Pts.  9.74474  1377  being  looked  for  in 

Is  to  the  Diff.  of  Lat.  1023  3.21880  the  Table  of  Meridional 

So  is  Radius  - -  ic.cocco  Parts,  will  be  found  Handing 

- - 229,  and  cppofite  to  22', 

13.21880  hence  the  Latitude  come  to 
9.74474  is  220  22' North. 

To  the  Diftance  2979  M.  3.47406 

From  what  has  been  faid,  it  will  be  eafy  to  folve  a  Traverfe, 
according  to  the  Rules  of  Mercator’ %  Suiting. 


F  A 


How 
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How  to  folve  a  Traverfe,  has  been  already  {hewn  both  in  Plane 
and  Middle  Latitude  Sailing ;  we  {hall  now  proceed  to  {hew  how 
to  make  proper  Allowances  for  Longitude,  according  to  Mercator’ s 
Sailing,  which  may  be  eafily  done  by  any  of  the  following  Me¬ 
thods  : 

Rule  L  Complete  the  Traverfe  Table  as  in  Plane  Sailing,  and 
with  the  whole  Difference  of  Latitude  and  Departure,  find  the 
diredf  Courfe,  Diftance,  and  Latitude  in  ;  with  the  Latitude  left, 
and  the  Latitude  in,  find  the  Meridional  Difference  of  Latitude ; 
with  which,  and  the  Courfe,  (found  as  above)  find  the  whole  Dif¬ 
ference  of  Longitude  made  upon  the  feveral  Courfes. 

This  Method  is  in  common  pradfifed  at  Sea,  but  thofe  that  want 
a  greater  Degree  of  Accuracy,  may  ufe  the  following,  which  fhould 
always  be  done  in  Latitudes  higher  than  51  or  52,  as  has  been  ob- 
ferved  in  Middle  Latitude  Sailing. 

Rule  II.  To  the  Traverfe  Table  annex  four  Columns,  in  which 
write  Latitude  in,  Difference  of  Longitude,  and  Longitude  in. 

With  the  Latitude  left,  and  Difference  of  Latitude,  find  the 
Latitude  in  Meridional  Difference  of  Latitude  for  each  Courfe. 

To  each  Courfe,  and  its  correfponding  Meridional  Difference  of 
Latitude,  find  the  Difference  of  Longitude,  which  fet  down  in  its 
proper  Column. 

The  Difference  of  the  Sums  of  the  Eaft  and  W eft  Columns  of 
Longitude  will  give  the  Difference  of  Longitude  •,  or  with  the 
Difference  of  Longitude  find  the  Longitude  in,  at  the  End  of  each 
Courfe. 

Thefe  Methods  will  be  exemplified  in  the  following  Traverfe, 
which  is  the  fame  that  was  taken  in  Middle  Latitude  Sailing,  that 
the  Learner  may  fee  the  Difference  between  Middle  Latitude  Sailing 
and  Alercator  s  Sailing. 

E  X  A  M  P  L  E. 

Suppofe  a  Ship  from  the  Land’s  End,  in  Latitude  50°  6/  N.  and 
Longitude  6.0  W.  is  bound  to  Gibraltar,  in  Latitude  36°  12', 
and  Longitude  40  53'  W.  but  by  reafon  of  contrary  Winds  is 
obliged  to  fad  as  follows  •,  viz.  S.  by  W.  24.  Miles,  W.  S.  W.  32, 
N.  W.  4-  W.  41,  S.  S.  E.  |  E.  49,  E.  N.  E.  f  E.  19,  W.  21* 
N.  E.  -4  E.  36,  S.  41,  S.  S.  W.  92,  N.  36.  I  demand  the  La¬ 
titude  and  Longitude  the  Ship  is  in,  and  what  Courfe  fhe  mull 
fteer,  and  how  far,  to  gain  her  intended  Port  ? 

With  the  proper  Difference  of  Latitude  834,  Meridional  Differ¬ 
ence  of  Latitude  1 1 5 1 ,  and  Difference  of  Longitude  67,  the  Courfe 
between  the  Land’s  End  and  Gibraltar  is  found  to  be  S.  30  2Qf 
Eafterly,  or  S.  |  E.  nearly,  and  Diftance  835  Miles. 


Then 
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Then  with  the  Difference  of  Latitude  and  Departure  belonging 
to  the  firft  Courfe,  find  the  Latitude  in,  Meridional  Difference  of 
Latitude,  Difference  of  Longitude,  and  Longitude  in. 


Latitude  left  - 

Difference  of  Latitude 


5o°  6' N. 
23  S. 


Merid.  Parts. 


S  3484 

^  3448 


Latitude  ia 


49  43  N.  Mer.  Diff.  Lat.  36 


As  Sine  Com.  Courfe  1  Pt.  9.99157 
Is  to  the  Mer.  Diff.  of  Lat.  36  1.55630 

So  is  Sine  Courfe  1  Pt.  9.29024 


10.84654 

9-99*57 

To  the  Diff.  of  Longitude  7.1  0.85497 


Long,  left  6°  oo'  W. 

Diff.  of  Long.  7  \V. 


Long,  in 


6  7  W. 


Now  as  the  Difference  of  Longitude  being  "W.  it  muff  be  fet  in 
the  Column  marked  W.  and  fo  with  the  reft,  but  we  {hail  leave  the 
Operations  to  exercife  the  Learner,  and  proceed  to  fhew  how  to  work 
the  lame. 

By  INSPECTION. 

Look  in  the  Table  under  1  Pt.  in  the  Latitude  Column  for  Me¬ 
ridional  Difference  of  Latitude  36  ;  the  neareft  is  36.3,  againft  which, 
in  the  Departure  Column  ftands  7.2  for  the  Difference  of  Longitude, 
which  fet  down  as  before  directed. 

In  like  manner  proceed  with  the  other  Courfes,  and  when  found, 
will  ftand  nearly  as  in  the  following  Traverse  Table,  always 
adding  or  fubtracting  the  Difference  of  Latitude  and  Difference  of 
Longitude  as  the  Cafe  requires,  to  find  the  Latitude  and  Longitude 
in  at  the  End  of  each  Courfe  •,  or,  without  finding  the  Longitude  in 
at  the  End  of  every  Courfe,  find  the  whole  Difference  of  Longitude, 
and  with  that  and  the  Longitude  left  find  the  Longitude  in,  which 
is  rather  better,  as  the  frequent  Omiflion  of  Tenths  may  make  a  fmall 
Difference. 


The 
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The  TRAVERSE  TABLE. 


Courles. 

Dirt. 

Diff.  Lat. 

Departure  . 

Lat.  in. 

Diff. 

Long. 

Lon. in. 

N. 

S. 

E. 

W. 

E 

W. 

50.  6 
—.23 

6.  0 
+•  7 

S.  by  W. 

24 

23.5 

47 

49-4  3 

— .  12 

7- 1 

6.  7 
+  •43 

W.  S.  W. 

3Z 

12.2 

29  6 

49.31 

+  .26 

43'4 

6.30 

—•49 

N.  W.  |W. 

41 

26.0 

317 

49  37 
—44 

48.7 

7-39 
— -32 

S.S.E.iE. 

49 

44-3 

21.C 

49.13 
+  •  5 

32.2 

7 •  7 
— -32 

E.N.E.f  E, 

*9 

4.6 

18.4 

49,18 

0.00 

320 

6-35 

+•32 

*  W. 

21 

21. 

49.18 

+  •23 

32.2 

7-  7 
—  43 

N.  E.  ^  E. 

36 

22. 8 

27.8 

49.41 

—  41 

42.6 

6.24 

0 

S. 

4' 

41 .0 

49.  0 
—  1.25 

6. 24 

+•53 

s.  s.  w. 

92 

85.0 

3S*2 

47  35 
+-36 

53-° 

7.17 

0 

N. 

36 

36.0 

48  1  i 

7.17 

89.4 

206.0 
89  4 

67.2 

I  22.2 

67,2 

■ 

106.8 

184.4 

106.8 

Diff 

Lat. 

1 16.6 

Dej 

55.O 

Di.L 

onyy.t 

Hence  it  is  plain,  that  the  Ship  has  made  of  Southings  116.6,  or 
117  Miles, ~i°  57',  which  being  fubtra&ed  from  the  Latitude  left 
5°P  6',  leaves  48°  of  the  Latitude  in,  and  its  differing  2  Miles  from 
that  in  the  Table  is  owing  to  the  Tenths  being  fo  often  omitted. 

*  This  mull  be  found  by  Middle  Latitude  Sailing. 

The* 
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The  Meridian  Diflance  or  Departure  is  55  Miles  Weft,  and 
the  Difference  of  Longitude  77.6  or  78  Miles  =  i°  18'  which  being 
added  to  the  Longitude  left  6°  o',  gives  18'  Weft,  the  Longitude 
in,  nearly  the  fame  as  in  the  Table. 


Now  to  find  the  direct  Courfe  and  Diftance  to  the  intended  Port. 


From  the  Lat.  in  48^  9' 
Take  theLat.Gibral.36  12 


Mer.  Pts. 


33C5  From  Long,  in  70  18'W. 
2333  Take  Lon.  Gib.  4  53  W. 


11  5 7  Mer.Dif.Lat.972  2  25 

60  - -  60 


Diff.  ofLat.  717  Miles.  Diff.  of  Long.  145  Miles. 

As  theMer. Diff. ofLat.  972  2.98767  As  the  S.Com.Cou.  8°  2</  9  99522 
Is  to  Radius  10.00000  Is  to  the  Diff.  of  Lat.  717  2.85552 

So  is  theDiff.  of  Long.  145  2.16137  So  is  Radius  io.oooco 

12.16137  12.85552 

2.98767  9  995 22 


To  theT.  of  the  Cou.8°29' 9.17370  To  the  Diftance  725  2.86030 


Hence  the  diredt  Courfe  to  Gibraltar  is  S.  8°  29'  E.  or  S.  |  E. 
nearly,  and  the  Diftance  725  Miles. 

Now  to  find  the  Difference  of  Longitude  by  the  firft  Rule,  or 
that  commonly  ufed  at  Sea. 

Lat.  Land’s  End  50°  6'  Mer;d<  parts  1 3+s4 

Lat.  in  48  9  l  35° 5 


Diff.  ofLat.  1  57  Mer.  Diff.  of  Lat.  179 


As  the  Diff.  of  Lat.  116.6  206670 
Is  to  Radius  io.oooco 

So  is  the  Departure  55  1.74036 

1 1.74036 
2.06670 


As  S.  Com.  Cou.  250  15'  9  95639 
Isto  the  Mer.Dif.Lat.  179  2.25285 
So  is  S.  Courfe  250  15'  9.62999 

1 1.88284 
9  95^9 


To  theT.oftbeCou,25°i5'  9.67366  To  the  Diff.  of  Lon.  84  4  1.92645 

Long.  Land’s  End  6°  o' 

Dift.  of  Long.  84,  or  1  24 

Longitude  in  7  24  Nearly  the  fame  as  before. 

Hence  the  Difference  between  the  two  Methods  is  6  Miles,  but 
as  Ships  never  fail  fo  far  in  24  Hours,  the  laft  Method  may  be  fafely 
depended  on  for  one  Day’s  Run  in  Latitudes  not  exceeding  51  or  52 
Degrees  North  or  South,  as  may  be  feen  by  comparing  the  Refults  of 
the  following  Example.  . 
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EXAMPLE. 

Suppofe  a  Ship  from  the  Latitude  68°  38'  N.  and  Longitude 
8°  40'  E.  is  bound  to  the  North  Cape  in  Latitude  71°  27'  N.  and 
Longitude  26°  30'  E.  fails  as  in  the  following  Table  ;  what  Lati¬ 
tude  and  Longitude  is  fhe  in,  and  her  direct  Courfe  and  Diftance  to 
the  Cape  ? 


Courfes. 

Dili. 

N. 

S. 

E. 

W. 

Eats. 

in. 

Diff.  Long, 
E.  W. 

N.E.  by  N. 

6S 

S2,4 

35  0 

69° 

3°' 

97.2 

N.  E. 

38 

26.9 

26  9 

6  9 

57 

78.0 

N.N.E. 

56 

5  T,7 

21.4 

70 

49 

64.0 

N. 

30 

30.0 

71 

!9 

N.  W.  by  N. 

25 

20.7 

>3-9 

7i 

40 

44.0 

N.N.W.i  W. 

36 

3 1-7 

17.0 

72 

12 

5.0 

N.  bv  E. 

40 

39  2 

7.8 

72 

51 

26.0 

N,E.byE4E. 

72 

33  9 

63.5 

73 

25 

219.4 

S.  E. 

5° 

35 -3 

35-3 

72 

5° 

1  jo  6 

E.  N.  E. 

65 

24  9 

60.0 

73 

13 

207  0 

3H-3 

35-3 

249.9 

3°  9 

812.2 

9 

33-3 

3  09 

99  0 

Diff.  Lat. 

— 

276. 1 

219.0 

Dep. 

Diff.Lon. 

7l3-2 

With  jJg.  the  Difference  of  Latitude  and  Departure,  viz.  27.6,  and 
21.9,  the  Courfe  is  N.  38,  30  E.  and  Diftance  353  Miles. 

The  Meridional  Difference  of  Latitude  is  852,  with  which  and 
the  direct  Courfe  38°  30',  the  Difference  of  Longitude  is  676,  being 
37  Miles  too  little  ;  a  Quantity  confiderable  enough  to  produce  fatal 
Confequences. 


Lat-  left 

68° 

1  38'  N. 

Long,  left 

8°40/E. 

Diff.  of  Lat. 

4 

36  N. 

Diff.  Long. 

11  53  E. 

Long,  in 

20  33  E. 

Lat.  in 

73 

14  N. 

Mer. Parts  6583 

N.  Cape’s  Long. 

26  30  E. 

Lat.ofN.Cape 

:  71 

27  N. 

M.  P.  6230 

Diff.  Long. 

5  57  E. 

Diff-  of  Lat. 

1 

47  N. 

M.  Dif.  La.  333 

Or 

3  s  7  Miles. 

Or 

1 

07  Miles. 

Now  to  Meridional  Difference  of  Latitude  353,  and  Difference 
of  Longitude  357,  the  Courfe  is  S.  4c;0  20'  E.  and  to  Courfe  43.20, 
and  proper  Difference  of  Latitude  107,  the  Diftance  is  152  Miles. 

Hence  the  diredt  Courfe  to  the  Cape  is  N.  E.  nearly  and  Dif- 
£ance  152  Miles. 
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Having  gone  through  the  necefTary  Problems,  in  Mercator's  Sailing, \ 
we  fhall  now  proceed  to  fhew  how  the  true  Chart,  commonly1 
called  Mercator's  Chart ,  may  be  conftrudted  either  for  the  W  hole,  or 
any  Part  of  the  Terraqueous  Giobe. 

When  a  Chart  is  to  commence  from  the  Equator ,  or  J  the  Equator 

is  to  run  through  it. 

Having  provided  a  Scale  of  convenient  length,  draw  a  Line  to 
reprefent  the  Equator  •,  and  eroding  that  at  Right  Angles,  another, 
to  reprefent  the  Meridian  of  fome  known  Place,  fuch  as  London , 
Pans,  the  Lizard,  or  any  other  Place,  whofe  Longitude  is  known  ; 
the  upper  End  of  which  will  reprefent  the  North,  and  the  lower 
the  South. 

From  the  Scale  take  60  in  your  Compafles,  and  with  one  Foot 
upon  the  Meridian,  fet  off  that  Diftance  on  bpth  Sides  of  it  upon 
the  Equator,  if  the  Chart  is  to  contain  Fall  pnd  Weft  Longitude  j 
but,  if  it  is  only  to  contain  Eaft  or  Weft  Longitude,  lay  it  oil' upon 
that  Side  of  the  Meridian  the  Cafe  requires  :  That  is,  if  the  Lon¬ 
gitude  is  to  be  Weftward,  lay  it  oft  on  the  left  Hand  Side  of  the 
Meridian-,  but  if  Eafterly,  the  Right  Hand  Side. 

Again,  take  2  Degrees  or  120  Miles  in  your  Compafles,  and  fet 
it  off  from  the  Meridian,  in  the  fame  Manner  as  before  ;  or,  with 
60  Miles  in  the  Compafles,  turn  over  from  the  Meridian,  and  that 
will  point  out  the  Degrees  of  Longitude,  which  may  be  divided 
into  Halves,  Quarters,  or  Minutes,  if  required. 

Having  fet  olF  as  many  Degrees  of  Longitude  as  you  intend  the 
Chart  fhould  contain,  through  the  laft  draw  a  Line  (or  Lines)  pa¬ 
rallel  to  the  Meridian,  which  will  be  the  Bounds  of  the  Chart, 
Eaft  and  Weft. 

Having  divided  the  Equator  as  above,  proceed  to  fet  off  upon  the 
two  extreme  Meridians  from  the  Equator,  the  Meridional  Parts 
(as  found  in  the  Table)  belonging  to  each  Degree  of  Latitude ; 
that  is,  take  from  the  Scale  in  your  Compafles,  the  Miles  anfwering 
to  one  Degree  in  the  Table,  and  with  one  Foot  in  the  Equator, 
fet  off  that  Diftance  on  each  Side  of  it  upon  the  extreme  Meridians, 
if  the  Chart  is  to  contain  North  and  South  Latitude  ;  but  if  only 
North  or  South,  upon  one  Side  of  the  Equator.  Again,  take  the 
Meridional  Parts  anfwering  to  2  Degrees  and  3  Degrees,  &c.  in 
your  Compafles,  and  fet  them  off  upon  the  Meridian  from  the 
Equator,  as  before. 

In  like  Manner  proceed  to  fet  off  as  many  Degrees  as  you  intend 
the  Chart  fhould  contain :  Or,  which  will  be  the  fame  Thing,  take 
the  Meridional  Difference  of  Latitude  between  any  two  Parallels, 
arid  fet  them  off  feverally  from  the  leaft  Latitude. 

Lay  a  Ruler  on  each  of  thefe  Divifions,  and  draw  Lines  parallel 
to  the  Equator,  and  they  will  be  the  Parallels  of  Latitude  :  each  of 

which 
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which  will  be  enlarged  towards  the  Poles,  in  Proportion  as  the  De¬ 
grees  of  Longitude  are. 

Parallel  to  the  Meridian,  draw  Lines  through  the  Points,  ex¬ 
prefling  the  Degrees  of  Longitude,  to  cut  the  Parallels  of  Latitude, 
which  bound  the  Chart  North  and  South. 

The  Parallels  of  Latitude  may  alfo  be  divided  into  Halves* 
Quarters,  or  Minutes,  by  taking  theMeridional Parts  for  Degrees  and 
Minutes,  and  fetting  them  off  as  before. 

Draw  double  Lines  on  the  Borders  of  the  Chart,  and  mark  out 
the  Degrees  of  Latitude  and  Longitude  *,  and,  in  fome  convenient 
Place  draw  the  Compafs.  In  like  Manner  may  a  Chart  be  made 
that  fhall  contain  any  Number  of  Degrees  and  Minutes  required. 

When  the  Chart  is  not  to  commence  from  the  Equator ,  but  is 
only  to  ferve  for  a  certain  Diftance  on  the  Meridian,  between  two 
Parallels  on  the  fame  Side  of  the  Equator,  then  the  Meridians  are 
to  be  drawn  as  before ;  and  for  the  Parallels  of  Latitude  you  are  to 
proceed  thus  : 

From  the  Meridional  Parts  anfwering  to  each  Point  of  Latitude 
in  your  Chart,  fubtradf  the  Meridional  Parts  anfwering  to  the 
leaf!  Latitude,  and  fet  off  the  Difference  feverally  from  the  Parallels 
of  the  leaft  Latitude  upon  the  two  extreme  Meridians ;  and  the 
Lines  joining  thefe  Points  of  the  Meridian  will  reprefent  the  feveral 
Parallels  upon  the  Chart. 

Let  it  be  required  to  draw  a  Chart  that  fhall  ferve  from  the 
Latitude  of  14  Degrees  North  to  52  Degrees  North,,  and  that 
fhall  contain  1  Degree  Eaft,  and  26  Degrees  of  Longitude  Weft 
of  the  Meridian  of  London.  See  the  Chart. 

Draw  a  Line  to  reprefent  the  Meridian  of  London ,  from  which 
fet  off  60  Miles  towards  the  right  Hand,  for  1  Degree  of  Lon¬ 
gitude  ;  and  on  the  other  Side  towards  the  left  Hand,  fet  off 
26  Degrees  of  Weft  Longitude,  as  before  diredied  5  through  the  two 
laft  Points  draw  Lines  Parallel  to  the  Meridian,  of  London ,  and 
thefe  will  be  the  extreme  Meridians,  or  Eaft  and  Weft  Bounds  of 
your  Chart. 

Having  drawn  the  two  Meridians  on  the  lower  Edge  of  the 
Paper,  draw  a  Line  perpendicular  to  the  Meridians,  to  reprefent 
the  Parallel  of  14  Degrees  North  ;  then  from  the  Meridional  Parts 
anfwering  to  15  Degrees  910,  fubtraft  the  Meridional  Parts  an¬ 
fwering  to  14  Degrees  848,  and  take  the  Difference  62  in  your 
Compaffes,  and  fet  it  off  from  the  Parallel  on  both  the  Meridians 
from  you,  and  that  will  reprefent  the  Parallel  of  15  Degrees. 

Again,  take  the  Meridional  Parts  of  15  Degrees  910,  from  the 
Meridional  Parts  of  16  Degrees  973,  and  fet  off  the  Difference  63, 
upon  the  Meridians  from  the  Point  reprefenting  the  Parallel  of  15 
Degrees  •,  and  that  will  reprefent  the  Parallel  of  16  Degrees.  In 
Ike  Manner  proceed  to  fet  off' the  Parallels  imon  the  Meridians. 

0  2  *  Or, 
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Or,  if  the  Meridional  Parts  of  14.  Degrees  be  fubtracted  from  the 
Meridional  Parts  of  every  fucceeding  Parallel,  and  the  Difference 
be  fetoff  from  the  Parallel  of  14  Degrees  upon  the  Meridians,  thefe 
Points  will  reprefent  the  feveral  enlarged  Parallels  of  Latitude,  the 
fame  as  before  ;  and,  if  it  be  required  that  the  Meridians  Humid  be 
divided  into  Degrees  and  Minutes,  the  Meridional  Parts  for  fuch, 
muft  be  taken  from  the  Table,  and  fet  off  as  above. 

Having  fet  off  as  many  Parallels  as  you  intend  the  Chart  fhould 
contain,  through  each  Point  draw  Parallels,  or  if  you  think  drawing 
Lines  through  very  Degree  will  croud  your  Chart  too  much,  you 
may  divide  the  Borders  only,  into  fingle  Degrees,  &c.  and  draw 
Lines  through  every  5  Degrees  of  Latitude  and  Longitude,  as  in 
the  Chart. 

Take  from  the  Table  of  Latitude  and  Longitude  of  Places,  the 
Latitude  and  Longitude  of  each  particular  Place  contained  within 
the  Bounds  of  the  Chart,  and  lay  a  R.uler  over  its  Latitude,  and 
another,  crofting  that,  over  its  Longitude,  the  Point  where  thefe  crofs 
will  reprefent  the  propofed  Place  upon  the  Chart.  In  like  Manner 
may  any  Place  be  readily  marked.  Hence,  the  particular  Points  of 
a  Sea  Coaft  being  laid  down  as  above,  and  Lines  properly  drawn 
from  Point  to  Point,  will  form  the  Out-lines  of  the  Sea  Coafts, 
Illands,  &c.  to  which  may  be  annexed,  the  Depths  of  Water, 
Setting  of  Currents,  and  whatever  elfe  may  be  thought  convenient 
for  the  Chart  to  contain. 

This  Map  or  Chart  is  not  to  be  confulered  as  a  juft  or  fimilar 
Reprefentation  of  the  Earth’s  Surface,  for  in  it  the  Figures  of  Iflands 
and  Countries  are  diftorted  near  the  Poles.  For, 

Suppofe  an  Illand  in  the  Latitude  60  N.  or  S.  where  the  Breadth 
of  a  Degree  of  Longitude  is  j  uft  i  as  large  as  a  Degree  upon  the 
Equator.  Now  as  the  Degrees  of  Latitude  are  enlarged  in  Propor¬ 
tion  as  the  Degrees  of  Longitude  are  expanded  towards  the  Poles, 
it  is  plain  that  every  Point  of  thatlflandor  Country,  being  laid  down 
in  its  proper  Latitude  and  Longitude,  will  be  reprefented  twice  as 
large  as  it  really  is. 

Hence  it  follows,  that  as  the  Degrees  of  Latitude  are  every  where 
increafed  as  thofe  of  Longitude  are,  it  is  plain  the  Bearings  between 
Places  will  be  the  fame  on  this  Chart  as  on  the  Globe ;  and  the 
Proportions  between  the  Latitude  and  Longitude,  and  Nautical 
Diftances,  will  be  the  fame  upon  this  Chart  as  upon  the  Globe. 

And  fince  the  Meridians  in  this  Projection  are  Right  Lines,  it 
follows,  that  the  Rhumbs  which  form  equal  Angles  with  the  Me¬ 
ridians  will  be  ftraight  Lines,  which  renders  this  Projection  of  the 
Earth’s  Surface  much  more  eafy  and  proper  for  the  Mariner’s  Ufe, 
than  any  other. 

Gunter1  s  Scales  have  drawn  upon  them  2  Lines,  one  marked 
M.  R.  fignifving  the  Nautical  Meridian;  and  the  other  directly 
under  it  marked  E.  P.  fignifying  Equal  Parts  or  Degrees  of  Longitude 
upon  a  Alercatsrs  Chart. 


Thofe 
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Thofe  Equal  Parts  or  Degrees  of  Longitude,  to  which  the  De¬ 
grees  of  the  Nautical  Meridian  are  fitted,  by  increafing  them  in 
their  true  Proportion  ;  hence  the  Limits  or  Bounds  of  a  Mercator’s 
Chart  by  thefe  Lines  are  eafily  made,  by  transferring  the  Divifions 
correfponding  to  the  Degrees  to  be  ufed,  from  the  Scale  to  the 
Paper  the  Chart  is  to  be  drawn  upon  ;  but  as  the  Degrees  drawn 
by  thefe  Lines  are  too  fmall  for  the  Seaman’s  Ufe,  it  is  much 
better  to  ufe  a  Scale  of  equal  Parts  as  before,  and  confequently  the 
Degrees  may  be  made  of  any  propcfed  Length. 

By  the  Latitude  and  Longitude  in ,  to  prick  off  the  Ship  on  the  Chart. 

PiULE.  Lay  the  Punier  acrofs  the  Chart  in  the  Latitude  your 
Ship  is  in,  then  look  upon  the  Equator,  or  Line  marked  with 
the  Degrees  of  Longitude,  for  the  Longitude'  your  Ship  is  in  by 
your  Reckoning,  and  fetting  one  foot  of  your  Compaffes  in  that 
Longitude,  take  the  neareft  Diftance  to  feme  North  and  South 
Line,  and  from  where  that  Line  erodes  the  Edge  of  the  Ruler  that 
lies  in  the  given  Latitude  ;  layoff  that  fame  Diftance  along  the  Edge 
of  the  Piuler  to  the  Right  Hand,  if  the  Longitude  you  are  in  was 
to  the  Right  Hand  of  the  North  and  South  Line,  or  to  the  Left 
Hand,  if  it  was  to  the  Left  Hand  ;  where  this  falls  will  be  the 
Place  of  the  Ship  :  But  this  will  only  do  when  the  Longitude 
marked  on  the  Chart,  and  your  Reckoning  of  Longitude  in,  are 
both  counted  from  the  fame  Meridian.  Therefore  for  a  general 
Rule,  take  the  following  ;  viz. 

By  the  Latitude  in,  and  Longitude  made,  to  prick  off  the  Ship’s  Place. 

R.ULE.  Set  one  Foot  of  your  Compaffes  in  the  Place  you  take 
your  Departure  from,  and  take  the  neareft  Diftance  to  fome  North 
of  South  Line,  and  from  where  that  Line  falls  upon  the  Equator, 
or  the  Line  marked  with  the  Degrees  of  Longitude,  fet  off  that 
Diftance  the  fame  W ay  the  Place  lies  from  it  •,  that  is,  to  the 
Right  Hand,  if  the  Place  lies  to  the  Right  Hand  of  the  North  and 
South  Line,  or  to  the  Left  Hand,  if  it  lies  to  the  Weft ;  and  make 
a  Mark  with  a  Black-lead  Pencil  y  this  Mark  will  ferve  to  prick  off 
by,  till  you  come  to  take  a  new  Departure :  and  then  take  and  rub 
it  out,  and  make  a  new  one  as  before. 

Then  lay  a  Ruler  acrofs  the  Chart  in  the  Latitude  you  are  in, 
and  taking  fo  many  Degrees  in  your  Compaffes  from  the  Line 
of  Longitude ,  as  your  Longitude  made  comes  to,  fet  them  off  from 
your  Black-lead  Mark  along  the  Edge  of  the  Ruler  to  the  Eaftward, 
if  the  Longitude  made  be  Eaft,  or  to  the  Weftward,  if  it  be  Weft, 
where  this  falls  will  be  the  Longitude  the  Ship  is  in  by  the  Chart; 
from  which  take  the  neareft  Diftance  to  fome  North  and  South 
Line,  and  from  where  that  Line,  See.  as  in  the  firft  Cafe. 


The 
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The  Ship’s  Place  on  the  Chart  being  found,  as  before  taught, 
it  remains  in  the  next  to  fhew  how  to  find  the  Bearing  and  Diftance 
of  any  Place  from  the  Ship  ;  and  firit, 

To  find  how  any  Place  bean  from  the  Ship. 

Rule.  Lay  a  Ruler  from  the  Place  of  the  Ship  to  the  Place 
you  would  know  the  Bearing  of ;  then  fet  one  Foot  of  the  Com¬ 
pafles  in  the  Center  of  fome  Compafs  near  the  Ruler,  and  take  the 
neareft  Diftance  to  the  Edge  of  the  R.uler ;  then  run  one  Foot  of 
your  Compafles  along  by  the  Edge  of  the  R.uler ;  and  obferving 
what  Point  of  the  Compafs  the  other  comes  neareft  to,  which  will 
be  the  Bearing  required. 

To  find  the  Defiance  of  any  Place  from  the  Ship. 

CASE  L 

If  the  Place  be  in  the  fame  Longitude  that  the  Ship  is  in,  that  is, 
?f  it  bears  due  North  or  South,  then  the  Difference  of  Latitude 
between  them  turned  into  Miles  or  Leagues,  will  be  the  Diftance. 

CASE  II. 

If  the  Place  be  in  the  fame  Latitude  the  Ship  is  in,  that  is,  if 
it  bears  due  Eaft,  or  due  Weft;  then  take  Half  the  Diftance  between 
the  Ship  and  the  Place  in  your  Compafles  ;  and  fetting  one  Foot  on 
the  Line  marked  with  the  Degrees  of  Latitude ,  in  the  Latitude  the 
Ship  is  in,  fee  what  Latitudes  the  other  Foot  will  reach  to,  both 
above  and  below  it,  the  Difference  between  thefe  two  Latitudes 
will  be  the  Diftance  required. 

CASE  III. 

7 Then  they  are  neither  in  the  fame  Latitude  nor  in  the  fame  Longitude  vjitb 

the  Ship.. 

Rule.  Take  the  Difference  of  Latitude  between  both  Places  in 
your  Compafles  from  the  Equator,  or  graduated  Parallel ;  and  laying 
a  Ruler  over  both  Places,  put  one  Foot  on  the  Ship’s  Place,  and  Aide 
your  Compafles  along  the  Edge  of  the  Ruler  (holding  both  Points 
parallel  to  the  Meridian)  until  the  other  cuts  the  Parallel  of  Latitude 
palling  through  the  Place,  (or  E.  and  W.  Line  cut  by  the  Ruler)  and 
then  ftay  the  Compafles.  Take  the  Diftance  between  where  the  Point 
reftedby  the  Edge  of  the  Ruler  and  the  Place  (or  where  the  Ruler  crofled 
the  aforefaid  Eaft  and  Weft  Line,)  in  your  Compafles,  and  apply  it  to 
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the  Equator,  or  graduated  Parallel,  and  that  will  give  their  Diftance 
in  Degrees,  which  may  be  turned  into  Miles  or  Leagues ;  and 
in  the  fame  Manner  as  you  find  the  Bearing  and  Diftance  be¬ 
tween  the  Ship  and  any  Place,  you  may'  alfo  find  the  Bearing  and 
Diftance  of  one  Place  from  another. 


EXAMPLE, 

Required  the  Rearing  and  Diftance  between  Cape  St.  Vincent  and 

Teneriff. 


Lay  a  Ruler  over  both  Places,  and  take  their  Difference  of  Lati¬ 
tude  8°  30',  from  the  Equator  or  graduated  Parallel,  in  your  Com¬ 
pos ;  and  Hide  one  Foot  along  the  Edge  of  the  Ruler  from  Teneriff 
(holding  the  other  PoinEin  the  Diredion  of  the  Line  C  B)  until  the 
other  Point  juft  touches  the  Ealb  and  Weft  Line  (A  B)  palling 
through  St.  Vincent,  as  at  B,  from  C  where  the  Foot  of  the*  Com- 
paffes  lefted,  by  the  Edge  of  the  Ruler,  and  St.  Vincent  bein®1  mea- 
fured,  and  applied  to  the  graduated  Parallel,  gives  104  Degrees  or 
640  Miles  the  Diftance.  ’ 


Again,  take  the  neareft  Diftance  between  the  Center  of  the  Com- 
pafs  in  your  Compaffes,  and  Hiding  them  along  the  Edge  of  the 
Ruler  as  before  direded,  you  will  find  the  Courfe  to  be  S.  W.  by  S. 

|  W.  nearly. 

Hence  the  dired  Courfe  between  Cape  St.  Vincent  and  Teneriff 
is  S.  W.  by  S.  f  W.  Diftance  640  Miles,  or  2 1 34  Leagues  :  and  the 
fame  with  other  Places. 


O  B  L  I  QJj  E 
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WE  come  next  to  the  Doctrine  of  Oblique  Triangle!  applied  to 
Pro  -ms  of  Sailing  ;  and  though  it  mzy  be  applied  to  the 
meafuri  ig  of  ir.acceflible  Objects,  yet  we  fhall  confine  it  to  thofe 
Problems  which  are  more  immediately  neceflary  in  Navigation  •,  and 
js  chiefly  ufed  in  taking  the  Maps  of  Harbours,  Sea-coafts,  &c.  as 
follows : 


CASE  I. 

Coafting  along  the  Shore,  I  faw  a  Cape  of  Land  which  bore  from 
me  N.  by  E.  then  I  flood  away  W.  N.  W.  5  Leagues,  or  1 5  Miles, 
and  the  fame  bore  from  me  N.  E.  I  E.  I  demand  the  Diftance  of 
the  Ship  from  the  laft  Station  to  the  Cape. 

By  PROJECTION. 

9 

Having  drawn  the  Compafs  N.  E.  S.  W.  let  A  reprefent  the 
Place  of  the  Ship  in  her  firft  Station,  and  draw  the  W.  N.  W.  Line 
A  C,  equal  to  15  Miles,  then  will  C  be  the  Place  of  the  Ship  in  her 
fecond  Station. 

From  C,  draw  the  Line  C  B  parallel  to  the  N.  E.  \  E.  Line,  till 
it  meets  the  N.  by  E.  Line  A  B,  in  B  ;  then  will  B  reprefent  the 
Cape  of  Land,  and  C  B  the  Diftance  of  the  Ship  at  her  fecond  Station, 

In  the  Triangle  A  B  C,  are 
given  AC  equal  to  1 5  Miles  ; 
the  Angle  A  7  8°  45'  equal  to 
7  Points,  the  Diftance  between 
the  N.  by  E.  and  W.  N.  W. 
the  Angle  B  equal  to  39°  22' 
or  3I  Points,  the  Diftance  be¬ 
tween  the  N.  by  E.  and  N.  E. 

4.  E.  and  the  Angle  C  equal  to 
6i°  53'  or  5-i  Points,  the  Dif¬ 
tance  between  the  W.  N.  W. 
and  S.  W.  i  W. 


Whence 


O  B  L  I  QJJ  E  SAILING. 

Whence  to  find  the  Diftance  CB,  it  will  be, 

As  the  Sine  Angle  B  - -  39°  23'  9.80228 

Is  to  the  Side  A  C  -  - -  15  1.17609 

So  is  Sine  Angle  A  — —  — —  78°  45'  9.99157 


11.16766 

9.80228 

To  the  Side  CB  23.19  the  Diftance  of  the  Ship  from  |  ,  _ 

the  Cape  at  her  fecond  Station  j  1  * 3  53 


Coafting  along  the  Shore,  I  faw  two  Head-lands,  the  firft  bore 
N.  N.  W.  the  fecond  N.  N.  E.  f  Eafterly,  then  ftanding  away 
E.  by  N.  f-  Northerly,  1 6  Miles,  the  firft  bore  from  me  W.  N.  W. 
the  fecond  N.  W.  by  N.  £  Wefterly. 

I  demand  the 'Diftance  of  each  of  thefe  Head-lands  from  the  firft 
Place,  as  alfo  their  Bearing  and  Diftance  from  each  other  ? 


To  find  the  Difiance  of  the  ffl  Head  land. 

In  the  Triangle  DAB  are  given  the  Angle  DAB  8£  Points  rr 
95°  37  ?  Angle  contained  between  the  N.  N.  W.  Sine  A  D,  and 

P  •  E. 


Elaving  drawn  the 
Compafs  asbefore, 
let  Areprefent  the 
Ship  at  her  firft 
place,  from  whic 
drawtheN.N.W. 

Line  A  D  and  the 
N.N.EfE.Line  A 
C,  and  alfo  the  E. 
by  N.  4  N.  Line 
A  B,  which  make 
equal  to  16  Miles, 
then  B  will  rep  re  - 
fent  the  Ship  at 
her  fecond  Place ; 
from  B  draw  B  D 
parallel  to  the  W. 

N.  W.  Line,  and 
BC  parallel  to  the 

N.  W.  by  N  4  W.  ^ 

Line,  meeting  the  two  firft  Lines  in  the  Points  C  and  D,  then  D  will 
be  the  firft,  and  C  the  fecond  Head-land,  join  the  Points  D  and  C, 
and  D  C  will  be  their  Diftance  afunder.  Then  draw  a  Line  pa¬ 
rallel  to  D  C  through  the  Center  of  the  Compafs,  and  that  will  ftreW 
their  Bearings  from  each  other ;  to  find  which 

By  CALCULATION. 
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E.  by  N.  i  N.  Line  A  B,  and  the  Anglfe  A  B  I)  3  \  Points  rr  39^ 
22',  the  Angle  contained  between  the  E.  by  N.  \ N.  Line  AB,  and 
W.  N.  W.  Line  BU,  and  A  B  16  Miles,  whence  by  Axim  fecond 
it  will  be 

o 


As  Sine  Angle  A  D  B 


Is  to  the  oppofite  Side  A  B 


45' 

16 


1' 


So  is  Sine  Angle  A  B  D 


39° 


22 


9.8496  r 
1. 20412 
9.80228 


1 1.00640 
9.84961 


TotheSideAD  14.35  the  Diftance  of  the  firft  Mead-land  1.15679 


To  find  the  Diflancc  of  the  fcconcl  Head-land. 

In  the  Triangle  ABC  are  given,  the  Angle  B  A  C  3  |z= 
the  Angle  contained  between  the  N.  N.  E.  f  E.  Line  A  C, 
E.  by  N.  4  N.  Line  A  B,  and  the  Angle  A  B  C  6  £  Points ~ 
the  Angle  contained  between  the  E.  by  N.  i  N.  Line  A  B, 
N.  W.  by  N.  |  W.  Line  B  C,  and  the  Side  A  B  16  Miles, 
by  Axiom  fecond  it  will  be, 

As  Sine  Angle  AC  B  -  67°  30/ 

Is  to  the  Side  A  B  — —  1 6 


1  r 

and  the 


7°°  J9 


and  the 
whence 


So  is  Sine  Angle  ABC 


70°  19 


9.96561 

1.20412 

9-97385 


11. 17797 
9.96561 


TotheSideAC  16.31  the  Diftance  of  the  fecond  Head-land  1.21236 


To  find  the  Bearing  and  Dijlance  of  the  Head-lands. 

In  the  Triangle  D  AC  are  given,  the  Side  AC  16.31,  the  Side 
A D  14-35,  an^  -Angle  D  AC  4I  Points  =53°  26',  the  Angle 
contained  between  the  N.  N.  W.  Line  A  D,  and  the  N.  N.  E. 

E.  Line  A  C,  whence  to  find  the  Angles  ADC,  or  A  C  D. 

The  Side  A  C  16.31  lSo0  00 

The  Side  AD  14.35  Ang.  DAC  53  26 


Sum  of  the  Sides  30.66  Sum  Angles  126 


Difference  of  Sides  1.96  half  Sum  of  ditto  63  17  | 


34  oppofite  the  Sides. 

then  by  Axiom 
third  it  will  be 


As  the  Sum  of  the  Sides  AC  and  AD 
Is  to  their  Difference  - - 


So  isT.  of  i  theSum  of  Angles  ADC  and  ACD 


30.66 

1.48657 

1.96 

c. 29226 

63°  1 Y 

10.29816 

1 0.59042 

1.48657 

f  14' 

9.10385 

To  the  Tangent  of  half  their  Difference 
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Then  63°  17'  added  to  70  14' is  70°  31',  the  greater  Angle 
ADC,  and  63°  17'  —  70  14/  rz  56°  3'  the  Angle  A  C  D. 

Now  the  Angle  ADC  70°  3  /  added  to  220  30',  the  Angle  con¬ 
tained  between  the  N.  N.  W.  Line  AD,  and  the  Meridian  gives 
Q30  i/,  which  being  more  than  a  Right  Angle,  fhews  that  D  bears 
from  C,  W.  30  i'  foutherly,  and  confequently  C  bears  from  D  Eaft 
30  1'  northerly. 

1 

For  the  Diftance  it  will  be  by  Axiom  II. 

As  the  Sine  of  the  Angle  ADC  =  70°  31'  —  9-97439 

Is  to  the  Side  A  C  -  j  6. 3 1  -  1. 21245 

So  is  Sine  Angle  D  AC  — —  530  26'  — - —  9.90480 


1 1. 1 1725 

9-97439 

To  the  Side  D  C  13.9,  the  Diftance  between  the  Head-land  1 . 14286 

All  the  above  Proportions  may  be  worked  by  Gunter’s  Scale,  but 
they  are  more  readily  done  by  Projection. 

After  this  Manner  may  the  mutual  Bearings  and  Diftances  of  any 
Number  of  Plead-lands  be  found  as  alfo  the  Maps  of  Harbours, 
Sea  Coalls,  &c.  which  are  of  excellent  Ufe  in  reconnoitering  the 
Enemy’s  Coafts,  Towns,  &c.  without  venturing  too  near  their  Forts. 
Many  more  Examples  might  be  produced,  which  are  not  of  much 
Ufe  at  Sea,  and  therefore  are  omitted. 

There  is  a  Method  of  afcertaining  the  Diftances  of  Places  by 
Sound,  which  is  as  follows:  Fix  a  Pendulum  of  38.2  Inches  upon 
a  Peg  or  Nail,  and  giving  it  a  fwing,  every  Time  it  pafl'es  the  Center 
will  give  Seconds  •,  and  as  it  is  found  by  many  Experiments,  that 
Sound  travels  1142  Eeet  in  one  Second  j  therefore  the  Difference 
of  Time  between  feeing  the  Flafti  and  hearing  the  Sound  being  mea~ 
fe red  by  the  Pendulum,  the  Diftance  may  be  eafily  found  by  allow¬ 
ing  1 1 42  Feet  for  evei-y  Second,  or  allowing  9  |  Half  Seconds  to  tra- 
vel  an  Englifh  Mile,  or  five  Seconds  three  tenths  to  travel  a  Geogra¬ 
phical  Mile. 

EXAMPLE. 

Being  at  Sea,  I  counted  150  Seconds  between  the  Time  of  feeing  the 
Flafti  of  a  Gun,  and  hearing  the  Report.  I  demand  the  Diftance  ? 

If  50  Seconds  be  divided  by  5.3,  the  Quotient  9.3  Miles,  will  be 
the  Diftance  required  ;  or  if  the  fame  Number  of  Seconds,  viz.  50, 
be  divided  by  16,  the  Quotient  3-L  Leagues,  will  give  the  Leagues 
of  Diftance,  fo  that  the  Gun,  when  it  was  fired,  was  9.4  Miles?  or 
3  Leagues  and  one  eighth  from  the  Obferver. 

P  2  CUR- 


(  ii6  ) 
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URRENTS  are  certain  Settings  of  the  Stream,  by  the  Means 
of  which,  al!  bodies  moving  therein,  are  compelled  to  alter  their 
Courfe,  and  fubmit  to  the  Motion  imprelfed  upon  them  by  it. 

Whence,  if  a  Current  fets  with  the  Courfe  of  the  Ship,  it  aug¬ 
ments  her  Motion  by  as  much  as  the  Drift  or  Rate  of  Driving  is. 

Thus,  if  a  Ship  fails  N.  N.  E.  20  Miles  in  a  Current  that  fets 
N.  N.  E.  8  Miles  in  the  fame  Time,  her  true  Courfe  will  be  N.  N. 
E.  28  Miles  in  that  time ;  but  if  a  current  fets  againft  the  Ship,  it 
leflens  her  Velocity  by  juft  fo  much  as  the  Current’s  Drift  is. 

So  that  if  a  Ship  fails  N.  E.  49  Miles,  in  a  Current  that  fets  S.  W. 
10  Miles  in  the  fame  Time,  then  her  true  Courfe  will  be  N.  E. 
39  Miles ;  and  if,  in  the  fame  Time  that  the  Ship  fails  N.  E.  49 
Miles,  in  a  Current  that  fets  S.  W.  59,  then  the  Ship  will  fall 
a-ftern,  and  her  true  Courfe  will  be  S.  W.  ic  Miles;  but  if  the 
Ship  thwarts  the  Current,  it  not  only  leflens  or  augments  her  Velo¬ 
city,  but  gives  her  a  new  Motion  compounded  of  that  of  the  Ship 
and  Current ;  that  is. 

If  a  Body  be  agitated  by  two  Motions  at 
the  fame  Time,  the  one  with  a  certain  Ve¬ 
locity,  that  will  carry  it  according  to  the 
Direction  of  the  Line  A  B,  the  Length  A  B 
in  a  certain  Space  of  Time ;  the  other  ac¬ 
cording  to  the  Direction  of  the  Line  AD,  with  aVelocitv  that  will 
carry  it  to  the  Diftance  A  D,  in  the  fame  Time  ;  then  the  Body  will 
deferibe  the  Diagonal  A  C,  and  at  the  End  of  that  Time,  will  be 
found  in  the  Point  C. 

The  Setting  and  Drift  of  the  moft  remarkable  Tides  and  Currents 
are  pretty  well  known;  but,  if  in  unknown  Currents,  the  ufual 
Way  to  find  the  Setting  and  Drift,  is  thus  : 

Let  three  or  four  men  take  a  Boat  a  little  Way  from  the  Ship, 
and  by  a  Rope  faftened  to  the  Boat’s  Stem,  let  down  a  heavy  Iron 
Pot,  or  loaded  Kettle,  into  the  Sea  to  the  Depth  of  8c  or  jco  Fa¬ 
thoms,  when  it  can  be,  whereby  the  Boat  will  ride  almoft  as 
fteadyas  at  Anchor;  then  heave  the  Log,  and  the  Number  of  Knots 
run  out  in  Half  a  Minute,  will  give  the  Miles  which  the  Current 
runs  per  Hour,  and  the  Bearing  of  the  Log  fhews  the  Setting  of  the 
Current. 

E  P  A  M  P  L  E  I. 

If  a  Ship  fails  N.  E  no  Miles  in  a  Current  that  fets  S.  S.  W.  30 
Miles  in  the  fame  Time,  and  her  true  Ccurfe  and  Diftance  be  re¬ 
quired  ? 

By 


CURRENT  SAILING. 
By  PROJECTION 
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Set  off  4  Points  from  N.  to¬ 
wards  E.  and  Draw  A  C  equal 
to  1 10  Miles;  from  C  draw 
C  B  parallel  to  the  N.  N.  E. 
Line,  and  equal  to  30  Miles 
draw  A  B,  which  will  be  the 
Ship’s  true  Courfe. 


By  CALCULATION. 

In  the  Triangle  A  B  C  are  given  the  Side  A  C  1 10,  the  Side  B  C 
30  Miles,  and  the  Angle  A  C  B  220  3c/. 


The  Side  A  C 
C  B 


1 10 
3° 


1 8o°  o' 
22  30 


The  Sumof  theSides  140  the  Sum  of  Anf.  A& B  157  30  opp.  thefe  Sides. 

Their  Difference  80  i  the  Sum  of  the  Anf.  78  45  CAB  and  ABC. 


As  the  Sum  of  the  Sides  AC  and  A  B  140  - .  2.14613 

Is  to  their  Difference  80  -  -  1.90309 

So  is  theT.  oft  the  Sumof  Ang.  CBA  and  B  AC  78°  45'  jo.70134 

12.60443 

2.14613 


To  the  Tangent  of  Half  their  Difference  70°  49' 

Half  the  Sum  of  the  Angles  CAB  and  CBA 
Half  their  Difference  -  - - 

Which  being  added  gives  the  greatelt  Angle  CBA 

But  if  fubtra&ed,  the  leffer  CAB  - 


10.45830 


78° 

45' 

70 

49 

149 

34 

7 

56 

Hence  it  appears  that  the  Courfe  is  N.  E.  70  56'Eafterly. 
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As  Sine  Angle  B  149-34. 

Is  to  the  Side  AC  1  jo 
So  is  Sine  Angle  C  2  z°  3c/ 


To  the  Diftance  run  S30  2' 


9.70461 

2.04139 

9.58284 

1  j. 62423 
9.70461 

1  91962 


EXAMPLE  II. 

If  a  Ship  from  the  Latitude  36°  30'  S.  fails  N.  E.  by  N.  40,  th^n 
N.  E.  by  E.  36  Miles,  in  a  Current  that  fets  S.  S.  E.  20  Miles,  in 
the  fame  Time  that  the  Ship  fails  38  Miles  ;  and  it  be  required  to 
find  the  Diftance  between  the  Ship  and  her  firft  Place,  as  alfo  the 
Latitude  the  Ship  is  in  ? 

By  PROJECTION. 

Having  drawn  the  Compafs, 
as  before,  draw  the  N  E.  by  N. 

Line  equal  to  40  Miles  ;  upon 
the  End  of  which  draw  a  Line 
parallel  to  the  S.  S.  E.  upon 
which  fet  off  21  Miles,  the  Dif.  k 
the  Current  fets  while  the  Ship  “ 
runs  40  Miles  ;  then  draw  the 
N.  E.  by  E.  Line,  upon  which 
fetoff  36  Miles,  at  the  End  of  that, 
draw  the  S.  S.  E.  Line,  on  which 
fet  off  18.9  Miles,  the  Diftance 
the  Current  fets  while  the  Ship  runs  36  Miles  ;  then  from  the  End 
of  that  Line  to  the  Ship’s  firft  Place,  will  be  the  Diftance;  and  the 
Angle,  being  xneafuied,  will  be  the  Ship’s  Courfe,  and  a  Line  drawn 
from  the  Ship’s  left  Place,  parallel  to  the  E.  and  W.  till  it  cuts  the 
Meridian  ;  that  being  meafured  from  the  Ship’s  firft  Place  will  be 
the  Miles  of  Difference  of  Latitude. 

This  may  be  done  by  Calculation,  but  it  being  tedious,  we  fhall 
omit  it,  and  {hew  how  it  may  be  done  by  a  Traverie,  in  which  we 
(hall  confider  the  Current  as  a  fingle  Courfe. 


Louilcs 

DLL 

L> Lifer,  of 

naciiuuc. 

Departure 

North. 

South. 

Edit. 

Wet 

N.  b.  by  N. 
N.  E.  by  E. 
S.  S.  E. 

Differ,  of  La 

40 

36 

40 

rirude 

33' 3 

40.0. 

37-o 

222 

29.9 

»v3 

Departure 

... 

53  3 
37-6 

67.4 
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flaying  the  Diffi.  of  Lat.  and  Dep.  to  find  the  Courfe  and  Difiance. 


As  the  Diff.  of  Lat 
Is  to  Radius 
So  is  the  Depart. 


163  1.21219 

io.ocooo 
67.4  1.82866 

1 1.82166 
1.21219 


ToT.  of  the  Ccu.  76°  24'  10  6 1647  To  the  Diftance 


As  the  S,  Courfe  76°  24'  9.98765 
Is  to  the  Departure  67.4  1.82866 

So  is  Radius  to. 00000 

1 1.82866 
9.9S765 

69.3  1.84101 


EXAMPLE  III. 

A  Ship  coming  out  from  Sea  in  the  Night,  has  Sight  of  Sciliy 
Light,  bearing  N.  E.  by  N.  Diftance  4  Leagues  ;  it  being  then 
Flood  Tide,  fetting  E.  N.  E.  2  Miles  an  Hour,  and  the  Ship  run- 
nine  at  the  Rate  of  5  Knots  an  Hour  ;  1  demand  upon  what  Courfe 
die  muft  fleer,  and  how  far,  to  hit  the  Lizard,  it  bearing  from 
Sciliy  E.  §  S.  Diftance  17  Leagues  ? 


By  PRO 


E  C  T  I  O  N. 

N 


Having  drawn  the 
Compafs  as  before, 
let  A  reprefent  the 
Place  of  the  Ship  at 
Sea,  and  draw  theN . 

E.  by  N.  Line  A  S__.[ 
equal  to  12  Miles,  ' 
then  will  S  reprefent 
Sciliy. 

2  dly.  FromS .  draw 
S  L  equal  to  51 
Miles,  and  parallel 
to  the  E.  f  S.  Line,  then  will  L  be  the  Place  of  the  Lizard. 

3dly.  Draw  L  C  parallel  to  the  AY.  S-  AY.  Line  equal  to  2  Miles, 
and  C  D  equal  to  5  Miles ;  and  parallel  to  it,  draw  A  B  till  it  meets 
L  C  produced  in  B,  then  will  A  B  be  the  Diftance  required,  and 
the  Angle  SAB  the  true  Courfe. 

By  C  A  L  C  U  L  A  T  I  O  N. 

In  the  Triangle  A  S  L  are  given  A  S  equal  to  1 2  Miles,  S  L  equal 
to  5 1  Miles,  and  the  Angle  ASL  1180  7'  equal  to  jo-£  Points, 
the  Diftance  between  the  N.  E  by  N.  and  AY.  |  N.  whence  to  find 
the  Angle  SAL,  it  will  be, 

As  the  Sum  of  the  two  Sides  A  S  and  S  L  63 
Is  to  their  Difference  39 


So  is  Tan.  of  Half  the  Angles  SAL  and  SLA  30°  56' 


*•7  9934 
1. 59 j 06 

9-77T6.3 

1 1. 36869 
» -799.14 
20°  2 I/  9  56935 


To  the  Tan-  of  Half  their  Difference 
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"Whence  the  Angle  SAL  will  be  found=to  510  if,  and  conse¬ 
quently  the  dired  Courfe  from  the  Ship  to  the  Lizard  is  N.  S':0  2  E 
or  E.  by  N.  6°  1  f  Eafterly. 


To  find,  the  Difiance  A  L  it  will  be, 

As  the  Sine  Angle  at  S  A  L  5 1  0  17'  _ 

Is  to  the  Diftance  fromScilly  to  the  Lizard  51 
So  is  the  Sine  of  the  Angle  ASL  1 1 8°  f  _ 


9-89223 

1.70757 

9.94546 


To  the  Diftance  between  the  Ship  and  Lizard  57.65 


u. 65303 
9-89223 


1.76080 


In  the  Triangle  DLC  are  given  the  Angle  Lmy0  32',  the 
Diftance  between  the  E.  N.  E.  and  the  N.  85°  2  E.  The  Side 
CL,  the  Current’s  Drift  in  an  Hour  =  2  Miles,  and  the  Side  CD, 
the  Ship’s  Diftance  run  in  that  Time,  =  5  Miles  ;  whence  to  find 
the  Angle  at  D,  it  will  be, 

As  the  Diftance  run  in  one  Hour  C  D  5  Miles  -  0.69897 

Is  to  the  Drift  of  the  Current  2  Miles  O.30  j  03 

So  is  the  Sine  of  the  Angle  at  L  170  32'  9.47894 


9-77997 

0.69897 

To  the  Sine  of  the  Angle  at  D  6°  55'  9.08100 

Hence,  becaufe  the  Angle  C  D  L  is  =  B  A  L  the  Courfe  the  Ship 
tnuft  fteer  is  S.  88°  33'  E. 

To  find  the  Difiance  A  B,  it  will  be. 

As  the  Sine  Angle  at  B  1530  33' 

Is  to  the  Diftance  between  the  Ship  and  Lizard  57.65 
So  is  the  Sine  of  the  Angle  at  L  iy°  32' 


To  A  B  the  Diftance  fhe  muft  fail  41.96 

Many  more  Queftions  might  be  added,  but  thefe,  being  well  un- 
derftood,  are  fufficient  for  the  Seaman’s  Purpofe ;  and  that  the  Stu¬ 
dent  fhould  not  meet  with  any  Thing  unneceflarv  which  might  lead 
him  out  of  the  plain  Path,  I  have  avoided  thofe  Things  which  tend 
to  puzzle  more  than  improve;  therefore  would  advife  him  to 
be  well  acquainted  with  every  written  Article  ;  and  that  nothing 
may' be  wanting  to  complete  the  Artift,  I  (hall  proceed  to  the  Rules 
necefiary  for  keeping  a  Journal  at  Sea. 

The 
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Win  d  s. 


THE  Run,  that  amazing  Globe  of  Fire,  the  Fountain  of  Light, 
and  Heat  of  the  whole  tolar  Svitem,  whole  Rays  upon  the  Earth 
caufe  Vapours  or  Fumes  to  be  continually  riling  from  it,  which 
mull  partake  of  the  Quality  of  thofe  Parts  from  whence  they  are 
evaporated  ;  a  Collection  of  which  form  what  we  call  cur  Air  or 
Atmofphere,  furrounding  the  Earth  and  extending  feme  Miles 
above  its  Surface  ;  and  is  liable  to  be  put  in  Motion  by  various 
Caufes.  Hence  Air  is  a  fine  eiaftic  Fluid,  and  is  found  capable  of 
being  ccmpreficd,  or  condenfed  by  Cold,  and  expanded  or  rarefied 
by  Heat. 

Confcquently,  an  Alteration  of  Hea'c  or  Cold  happening  in  any 
Part  of  the  Atmofphere,  the  Air  in  that  Part  will  be  either  ccn- 
denfed  or  rarefied,  and  the  neighbouring  Parts  will  thereby  be  put 
into  Motion,  through  the  Endeavour  which  the  Air,  by  its  Elaftici- 
ty  or  Springinefs  always  makes  to  reftore  itfelf  to  its  former  State, 
or  come  to  an  Equilibrium. 

Wind  is  a  Stream  or  Current  cf  Air,  which  generally  blows 
from  one  Part  of  the  Horizon  to  its  eppofite  Part. 

The  following  Obfervations  have  been  made  on  it,  particularly 
by  Dr.  Halley,  which  arc  not  unworthy  the  Seamen’s  Notice. 

Between  30  Degrees  North  Latitude,  and  30  South  Latitude, 
there  is  a  conftant  Eaft  Wind  throughout  the  Year,  blowing  cn 
the  Atlantic  and  Pacific  Oceans,  and  this  is  called  the  Trade 
Winds. 

For  as  the  Sun,  in  moving  from  Eaft  to  Weft,  heats  the  Air 
more  immediately  under  him,  and  thereby  expands  it;  the  Air  to 
the  Eaft  ward  is  conftantly  rufiiing  towards  the  Weft  to  reftore  the 
Equilibrium,  or  natural  State  of  the  Atmofphere,  which  occafions 
a  perpetual  Weft  Wind  in  thole  Limits. 

The  Trade  "Winds  near  thefe  Northern  Limits,  blow  between 
the  North  and  Eaft,  and  near  the  fouthern  Limits  they  blow  be¬ 
tween  the  South  and  Eaft. 

For  as  the  Air  is  expanded  by  the  Pleat  of  the  Sun  near  the 
Equator,  therefore  the  Air  from  the  Northward  and  Southward 
will  both  tend  toward  the  Equator  to  reftofe  the  Equilibrium  :  now 
thefe  Motions  from  the  North  and  South,  joined  with  the  forego' *g 
eafterly  Motion,  will  produce  the- Motions  obferved  near  thofe  Limits 
between  the  North  and  Eaft,  and  between  the  South  and  Weft. 

Thefe  Winds,  if  the  whole  Surface  of  the  Globe  were  Sea,  would 
undoubtedly  blow  quite  round  it,  as  they  are  found  to  do  in  the 
Atlantic  and  Ethicpic  Oceans ;  hut  feeing  fuch  great  Continents  in- 
terpofe  and  break  the  Continuity  of  the  Ocean,  regard  mull  be 
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bad  to  the  Nature  of  Soils,  and  the  Pofition  of  high  Mountains,  whcrh 
are  the  principle  Caufes  of  the  Variety  of  Winds  differing  fiom 
the  former  general  one. 

In  fome  Parts  of  the  Indian  Ocean  there  are  periodical  Winds, 
which  are  called  Monfoons  ;  that  is,  fuch  as  blow  half  the  Year 
one  Way,  and  the  other  Half-year  the  contrary  Way. 

For  Air  that  is  cool  and  denfe  will  force  the  warm  and  rarefied 
Air  in  a  continual  Stream  upwards,  where  it  muft  fpread  itfelf  to 
preferve  the  Equilibrium ;  fo  that  the  upper  Courfe  or  Current  of 
the  Air  fhall  be  contrary  to  the  under  Current;  for  the  upper  Air 
muft  move  from  thofe  Parts  where  the  greateft  Heat  is,  and  fo  by 
a  kind  of  Circulation,  the  N.  E.  Trade" Wind  below,  will  be  at¬ 
tended  with  a  S.  W.  above  ;  and  a  S.  E.  below  with  a  N.  W. 
above.  And  this  is  confirmed  by  the  Experience  of  Seamen,  who, 
as  foon  as  they  get  out  of  the  Trade  Winds,  immediately  find  a 
Wind  blowing  from  the  oppofite  Quarter. 

In  the  Atlantic  Ocean,  near  the  Coafts  of  Africa,  at  about  ico 
Leagues  from  Shore,  between  the  Latitudes  of  28°  and  ioQ  North, 
Seamen  conflantly  meet  with  a  frefh  Gale  of  Wind  blowinc  from 
the  N.  E.  fa 

Thofe  bound  to  the  Caribbee  Iflands,  acrofs  the  Atlantic,  find, 
as  they  approach  the  American  Side,  that  the  faid  N.  E.  Wind  be¬ 
comes  Eafterlv,  or  feldom  blows  more  than  a  Point  from  the  Eaft 
either  to  the  Northward  or  Southward. 

Fhefe  Trade  Winds  on  the  American  Side,  are  extended  to  30% 
31  A  or  even  to  320  of  North  Latitude;  which  is  about  40  farther 
than  what  they  extend  to  on  the  African  Side;  alfo  to  the  South¬ 
ward  of  the  Equator,  the  Trade  Winds  extend  3  or  4  Degrees 
iarther  towards  the  Coaft  of  Brazil  on  the  American  Side,  than, 
they  do  near  the  Cape  of  Good  Hope  on  the  African  Side. 

between  the  Latitudes  of  4  Degrees  North,  and  4  South,  the 
Wind  always  blows  between  the  South  and  Eaft  :  On  the  African 
•Side  the  W  inds  are  nearefl  the  South,  and  on  the  American  Side 
ncareft  the  Eaft.  In  thefe  Seas  Dr.  Halley  obferved,  that  when 
the  W  ind  was  Eaftward,  the  Wreather  was  gloomy,  dark,  and 
rainy,  with  hard  Gales  cf  W  ind  ;  but  when  the  "Wind-  veered  to 
'  rie  Southward,  the  WTeather  generally  become  ferene,  with  gentle 
Breezes  next  to  a  Calm. 

i  h.eie  Winds  are  fomewhat  changed  by  the  Seafons  of  the 
Year  ;  for  when  the  Sun  is  far  Northward,  the  Brazil  S.  E.  Wind 
gets  to  the  South,  and  the  N.  E.  Wind  to  the  Eafl: ;  and  when  the 
Sun  is  far  South,  the  S.  E.  Wrind  gets  to  the  Eaft,  and  the  N.  E. 
v.  ind  on  this  Side  of  the  Equator  veer  more  to  the  North, 

Along  the  Coaft  of  Guinea,  from  Sierra  Leone  to  the  Ifland  of 
.  .  r  homas  under  the  Ecmator,  which  is  above  500  Leagues,  the 
acutherly  ar.d  South-well  A  ind*  blow  perpetually ;  for  the  S.  E. 

Trade 
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Trade  Wind  having  paffed  the  Equator,  and  approaching  the  Gui¬ 
nea  Coaft  within  80  or  too  Leagues,  inclines  towards  the  Shore, 
and  becomes  S.  S.  E.  then  South,  and  by  Degrees  as  it  comes 
near  the  Land,  it  veers  about  to  S.  S.  W.  and  in  with  the  Land 
it  is  S.  W.  and  fometimes  W.  S.  W.  This  traft  is  troubled  with 
frequent  Calms,  and  violent  fudden  Gulls  of  Wind,  called  Torna¬ 
does,  blowing  from  all  Points  of  the  Horizon. 

The  Reafon  of  the  Wind  fetting  in  Weft  on  the  Coaft  of  Gui¬ 
nea  is,  in  all  Probability,  owing  to  the  Nature  of  the  Coaft,  which 
being  greatly  heated  by  the  Sun,  rarefies  the  Air  exceedingly,  and 
•confequentlv  the  cool  Air  from  off  the  Sea  will  keep  rufhing  in  to 
reftore  the  Equilibrium. 

Between  the  4th  and  1  cth  Degrees  of  North  Latitude,  and  be¬ 
tween  the  Longitudes  of  Cape  Verd,  and  the  eaftermoft  of  the  Cape 
Verd  Iflands,  there  is  a  Tradt  of  Sea  which  feems  to  be  condemned 
to  perpetual  Calms,  attended  with  terrible  Thunder  and  Lightnings, 
and  fuch  frequent  Rains,  that  this  Part  of  the  Sea  is  called  the 
Rains.  Ships  in  failing  thefe  6  Degrees  have  been  fometimes  de¬ 
tained  whole  Months,  as  it  is  reported. 

The  Caufe  of  this  feems  to  be,  that  the  Wefterly  Winds  fetting 
in  on  this  Coaft,  and  meeting  the  general  Eafterly  Wind  in  this 
Track,  balance  each  other,  and  fo  caufe  the  Calms,  and  the  Va¬ 
pours  carried  thither  by  each  Wind  meeting  and  condenfmg,  oc- 
cafion  the  almoft  conftant  Plains. 

The  laft  three  Obfervaticns  fnew  the  Reafon  of  the  two  follow¬ 
ing,  which  Mariners  experience  in  failing  from  Europe  to  India, 
and  in  the  Guinea  Trade.  The  Difficulty  which  Ships  in  going  to 
the  Southward,  efpecially  in  the  Months  of  July  and  Auguft,  find 
in  palling  between  the  Coaft  of  Guinea  and  the  Brazil,  notwith- 
ftanding  the  Width  of  this  Sea  is  more  than  500  Leagues  :  This 
happens  becaufe  the  S.  E.  Winds,  at  that  Time  of  the  Year,  com¬ 
monly  extend  fome  Degrees  beyond  the  ordinary  Limits  of  40  N. 
Latitude  ;  and  befides  coming  fo  much  Southerly,  as  to  be  fome¬ 
times  South,  fometimes  a  Point  or  two  to  the  Weft,  it  then  only, 
remains  to  ply  to  Windward.  And  if  on  the  one  Side  they  fteer 
W.  S.  W.  they  get  a  “Wind  more  and  more  Eafterly ;  but  then 
there  is  Danger  of  falling  in  with  the  Brazilian  Coaft,  or  Shoals  ; 
and  if  they  fteer  E.  S  E.  they  fall  into  the  Neighbourhood  of  the 
Coaft  of  Guinea,  from  whence  they  cannot  depart  without  running 
Eafterly  as  far  as  the  Ifland  of  St.  Thomas,  and  this  is  the  conftant 
Praflice  of  all  the  Guinea  Ships. 

All  Ships  departing  from  Guinea  for  Europe,  their  direct:  Courfe 
is  Northward  ;  but  on  this  Courfe  they  cannot  go,  becaufe  the 
Coaft  bending  nearly  Eaft  and  Weft,  the  Land  is  to  the  Northward  ; 
therefore  as  the  Winds  on  this  Coaft  are  generally  between  the  S. 
and  W-  S-  W.  they  are  obliged  to  fteer  S.  S.  E.  or  South,  and 
with  thefe  Courfes  they  run  off  the  Shore;  but  in  fo  doing  they 

Q^2  always 
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always  rind  the  Wind  more  and  more  contrary,  fo  that  when 
near  the  Shore  they  can  lie  South ;  at  a  great  Diftance  they  can 
make  no  better  than  S.  E.  and  afterwards  F..  S.  F..  with  which 
Courfes  they  generally  fetch  the  Illand  of  St.  Thomas  and  Cape 
Lopez,  where  finding  the  Winds  to  the  Ea  ft  ward  of  the  South, 
they  fail  W.  ;rly  with  it,  till  coming  to  the  Latitude  of  4.  Degrees 
South,  where  they  find  the  S.  E.  Wind  blowing  perpetually. 

On  Account  of  thefe  general  Winds  all  thole  that  ufe  the  Weft  India 
Trade,  even  thole  bound  to  Virginia,  reckon  it  their  heft  Courle  to 
get  as  foon  as  they  can  to  the  Southward,  that  fo  they  may  be  cer¬ 
tain  of  a  fair  and  a  frefh  Gale  to  run  before  it  to  the  Weftv.  ard  ; 
and  for  the  fane  Reafon  thefe  homeward  bound  from  America 
endeavour  to  gain  the  Latitude  of  30  Degree?,  where  they  firft  find 
the  Wind  begin  to  be  variable  though  the  moil  ordinary  Winds 
in  the  North  Atlantic  Ocean  come  between  the  South  :  n  l  Weft. 

Between  the  Southern  Latitudes  of  10  and  30  Degrees  in  the  In¬ 
dian  Ocean,  the  general  Trade  Wind  about  S.  E.  by  S.  is  found  to 
blow  all  the  Year  round  in  the  fame  Manner  as  in  the  !■  re  Lati¬ 
tudes  in  the  Ethicpic  Ocean,  and  during  the  Sis  Months,  from 
May  to  December,  thefe  Winds  reach  to  within  2  Degrees  of  the 
Equator;  but  during  the  other  Six  Months,  from  November  to 
June,  a  N.  W.  Wind  blows  in  the  Track  lying  between  the  3d 
and  10  th  Degrees  of  Southern  Latitude,  in  the  Meridian  of  the 
North  End  or  Madagafcar  ;  and  between  the  2d  and  12th  Degree  of 
South  Latitude,  near  the  Longitude  of  Sumatra  and  java. 

In  the  Track  between  Sumatra  and  the  African  Co  aft,  ar.d  from 
3  Degrees  of  South  Latitude  quite  Northward  to  the  Afiatic  Coafts, 
including  the  Arabian  Sea  and  the  Gulph  of  Eer.gal,  the  Mcnfoons 
blow  from  September  to  April  on  the  N.  E.  and  from  March  to 
OTober  on  the  S.  W.  In  the  former  Half-vear  the  Wind  is  more 
fteady  and  gentle,  and  the  Weather  clearer  than  in  the  latter  fix 
Months,  ar.d  the  W  ind  is  more  ftrong  and  fteady  in  the  Arabian 
Sea  than  in  the  Gulf  of  Bengal. 

Between  the  Ifland  of  Madagafcar  and  the  Coaft  of  Africa,  and 
thence  Northward  as  far  as  the  Equator,  there  is  a  Tract  wherein, 
from  April  to  October,  there  is  a  conftant  frefh  S  S.  W.  Wind, 
which  to  the  Northward  changes  into  the  W.  S.  W.  Wind  blow¬ 
ing  at  that  Time  in  the  Arabian  Sea. 

To  the  Eaftward  of  Sumatra  and  Malacca,  on  the  North  of  the 
Equator,  and  along  the  Coafts  of  Cambodia  and  China,  quite  through 
the  Philippines  as  far  as  Japan,  the  Moniocns  blow  Northerly  and 
Southerly  ;  the  Northern  Jetting  in  about  October  or  November, 
and  Southern  about  May.  Thefe  Winds  are  not  quite  fo  certain 
as  thefe  in  the  Arabian  Sea. 

Between  Sumatra  and  Java  to  the  Weft,  and  New  Guinea  to 
the  Eaft,  the  nmc  Northerly  and  Southerly  Winds  are  obferved  ; 
but  the  nr  it.  Half-year  the  Mpnfoon  inclines  to  the  N.  V.  and  the 

latter 
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latter  to  the  S.  E.  Thefe  Winds  begin  a  Month  or  fix  Weeks  after 
thole  in  the  Chincfe  Seas  fet  in,  and  are  quite  as  variable. 

Thefe  contrary  Winds  do  not  fhift  from  one  Point  to  its  oppofite 
all  at  once ;  in  fome  places  the  Time  of  the  Change  is  attended  with 
Calms,  in  others  by  variable  Winds  5  and  it  often  happens  on  the 
Shores  of  Coromandel  and  China,  towards  the  End  of  the  Monfcon, 
that  there  are  moll  violent  Storms,  greatly  refembling  the  Hurri¬ 
canes  in  the  Weft  Indies,  wherein  the  Wind  is  fo  vaftly  ftrong  that 
hardly  any  thing  can  refill  its  Force. 

All  Navigation  in  the  Indian  Ocean  muft  neceflarily  be  regulated 
by  thefe  Winds )  for  if  Mariners  ftiould  delay  their  Voyages  till 
the  contrary  Monfoon  begins,  they  muft  either  fail  back,  cr  go  into 
Harbour,  and  wait  for  the  returning  of  the  Trade  Wind. 

Vapours  riling  from  the  Sea,  and  by  the  Wind  carried  over  low 
Lands  to  the  ridges  of  Mountains,  and  compelled  to  mount  up  with 
the  Stream  of  tfie'Air  to  the  Tops,  where  the  water  prefently  precipi¬ 
tates,  gleeting  down  bythe  Chinks  and  Cliffs  of  the  Stones,  and  Part  of 
the  Water  entering  into  the  Caverns  of  Hills,  and  gathering  into  Ba- 
fons,  which  being  once  filled  begin  to  run  over,  and  form  fub ter¬ 
raneous  PaSages  through  the  Earth,  breaking  out  in  Springs  by  the 
Sides  of  Hills  :  feveral  of  thefe  meeting  together  form  Rivulets  5  fe- 
veral  of  thefe  Rivulets  meeting  together  make  a  River.  This,  to¬ 
gether  with  what  is  incorporated  into  Vegetables,  renders  it  impof- 
fible  for  all  the  Water  evaporated  from  the  Sea  to  return  to  it 
again. 

Hence  the  Evaporations  arifing  from  the  Mediterranean  are  fuch, 
that  notwithftanding  there  are  Nine  capital  Rivers  which  empty 
themfelves  into  it,  fcefides  fmailer  ones,  there  is  a  conftant  current 
running  through  the  Straits  of  Gibraltar  from  the  Atlantic  Ocean 
to  make  up  the  Deficiency.  R.  Mead,  M.D.  and  F.  R.  S.  obferves, 
1.  That  fome  Difeafcs  are  properly  the  EfFe£ls  of  the  Influence  of 
the  heavenly  Bodies.  2.  That  the  moft  windy  Seafons  of  the  Year, 
are  about  the  vernal  and  autumnal  Equinoxes.  ?.  All  thd  Changes 
we  have  enumerated  in  the  Atmofphere  do  fall  out  at  the  fame 
Times  when  thofe  happen  in  the  Ocean ;  and,  as  both  the  Waters 
of  the  Sea  and  the  Air  of  our  Earth  are  Fluids,  fubje£t  in  a  great 
Meafure  to  the  fame  Laws  of  Motion,  fo  that  natural  Effects  of  the 
fame  Kind  are  owing  to  the  fame  Caufes.  4.  The  Alteration  made 
by  the  Sun  and  Moon  in  the  Atmofphere  muft  thereby  have  In¬ 
fluence  on  the  Animal  Body.  5.  The  Elafticity  of  the  Air  is  of 
great  Moment,  and  it  is  reciprocally  as  the  Preffure,  fo  that  the  in¬ 
cumbent  Weight  being  diminifhed  by  the  Attraction,  the  Air  under¬ 
neath  will  be  much  expanded  :  thefe,  and  fuch  like  Caufes,  will 
make  the  Tides  in  the  Air  to  be  much  greater  than  thofe  of  the 
Ocean  3  and  there  is  no  doubt  to  be  made,  but  that  the  fame  in¬ 
finite  wife  Being,  who  contrived  the  Flux  and  Reflux  of  the  Seas, 
fco  fecure  that  vaft  Collection  of  Waters  from  Stagnation  and  Cor¬ 
ruption, 
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ruption,  has  ordered  this  Ebb  and  Flood  of  the  Air  of  our  Atmof- 
phere  with  the  like  good  Defign ;  that  is,  to  prefervc  it  fweet,  and 
a  briflc  Temper  of  this  Fluid  fo  neceffary  to  Life,  by  a  continual 
Circulation.  6.  Two  contrary  "Winds  blowing  towards  the  fame 
Place,  may  accumulate  the  Air  there  fo  as  to  incrcafe  the  Height 
and  the  Weight  of  the  incumbent  Cylinder  ;  in  like  Manner  the  Di- 
re&ion  of  two  Winds  may  be  fuch,  as  meeting  at  certain  Angles, 
may  keep  the  Gravity  of  the  Air  in  a  middle  State  ;  but  if  the 
Winds  blow  different  Ways  from  the  fame  Place  (which  may  be  oc- 
cafionedby  Thunder  and  Lightning),  the  Height  and  Weight  of  the 
Air  may  be  much  decreafed.  7.  The  Changes  in  our  Atmofphere 
at  High  Water,  New  and  Full  Moon,  the  Equinoxes,  &c.  muff: 
occafion  Alterations  in  all  animal  Bodies,  for  all  living  Creatures  re¬ 
quire  Air  of  a  determined  Gravity  to  perform  Refpiratinn  eafdy, 
for  it  is  by  its  Weight  that  this  Fluid  insinuates  itfelf  into  the  Cavity 
of  the  Breaft  and  Lungs  :  by  a  flow  Circulation  the  Secretion  of  the 
Spirits  is  diminifhed  •,  and,  by  the  Want  of  Force  of  Elafticity  and 
Gravity,  the  Juices  begin  to  ferment,  change  the  Union  of  the 
Parts,  break  their  Canals,  and  Difeafes  follow. 

Befides  the  above  Caufes,  the  Atmofphere  may  be  put  in  Motion 
by  the  elaflic  Vapours  forced  from  the  Bowels  of  the  Earth  by  fub- 
terraneous  Heats,  and  condenfcd  by  whatever  Caufe  in  the  Atmof¬ 
phere.  A  Mixture  of  Effluvia  of  different  Qualities  in  the  Air,  may 
by  Rarefra&ion,  Fermentation,  &c.  produce  Winds  and  other 
Effects  like  thofe  refulting  from  the  Combination  of  fome  chymi- 
cal  Liquors  ;  and  that  fuch  things  happen,  we  are  allured  from  the 
Nature  of  Thunder,  Lightning,  and  Meteors.  From  the  Erup¬ 
tions  of  Vulcanoes  and  Earthquakes  in  diflant  Places,  Winds  may 
be  propagated  to  remoter  Countries.  The  divided  or  united  Forces 
of  the  other  Planets,  and  of  the  Comets,  may  varioufly  difturb  the 
Influence  of  the  Sun  and  Moon,  £tc.  We  know  that  there  happen 
violent Tempefts  in  the  upper  Regions  of  the  Air  when  we  below 
enjoy  a  Calm,  and  how  many  Ridges  of  Mountains  there  are  on 
our  Globe  which  interrupt  and  check  the  Propagation  of  the 
Winds,  fo  that  it  is  no  wonder  that  the  Phenomena  we  have  aferib- 
ed  to  the  Aftion  of  the  Sun  and  Moon  are  not  always  conflant  and 
uniform,  and  that  every  Effect:  does  not  hereupon  fallow ;  which, 
were  there  no  other  Powers  in  Nature  able  to  alter  the  Influence  of 
this,  might  in  a  very  regular  and  uniform  Manner  be  expefted 
from  it. 

Note.  The  Swiftnefs  of  Wind  in  a  great  Storm  is  not  more 
than  50  or  60  h  iles  ir.  an  Hour,  and  a  common  brifk  Gale  is  about 
j  5  Miles  an  Hour. 
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OF  TIDES. 

TH  E  Tides,  or  the  Flux  and  Reflux  of  the  Sea,  is  that  regular 
Motion  of  the  Waters  by  which  they  rife  and  fall  at  certain 
equal  Intervals  of  Time. 

The  Do&rine  of  Tides  remained  in  Obfcurity,  till  the  immortal 
Sir  Il'aac  Newton  explained  it  by  his  great  Principle  of  Gravity  and 
Attra&ion.  For  having  demonftrated  that  there  is  a  principle  in  all 
Bodies  within  the  Solar  Syftem,  by  which  they  mutually  atfradt 
each  other  in  Proportion  to  the  Squares  of  their  Diftances,  it  follows, 
that  thofe  Parts  of  the  Sea  which  are  immediately  under  the  Moon 
mull  be  drawn  towards  it,  and  confequently  whenever  the  Moon  is 
nearly  vertical  the  Sea  will  be  raifed,  which  occafions  the  flowing  of 
the  Tide  there. 

By  the  Earth’s  diurnal  Rotation  from  Weft  to  Eaft  in  24  Hours, 
the  Sun  apparently  revolves  from  Eaft  to  Weft  in  the  fame  Time  -f 
fo  by  the  lame  Rotation,  the  Moon  apparently  revolves  from  Eaft  to 
Weft  in  the  Space  of  24  Hours  49  Minutes,  commonly  called  a. 
Lunar  Day,  fo  as  in  that  Time  to  return  to  the  Meridian  Ihe  fet  out 
at;  and  as. the  Sun  apparently  moves  round  the  Earth  in  a  Year,  fo 
the  Moon  really  moves  round  it  in  about  29  \  Days ;  confequently, 
if  the  Sun  and  the  Moon  are  both  upon  the  Meridian  at  any  Time, 
it  will  be  29  Days  and  an  Half  before  they  are  upon  the  fame  Meri¬ 
dian  again,  or  in  Conjunction,  and  about  Half  that  Time,  viz. 
14  Hours  18  Minutes  before  they  are  upon  oppofite  Meridians,  or  in 
Oppofition.  Now,  as  the  Sun  attra&s  the  Earth,  though  much  lefs 
than  the  Moon,  being  at  fo  vaft  a  Diftance  from  it,  yet  when  they 
are  both  upon  the  Meridian  either  in  Oppofition  or  in  Conjun&ion, 
that  is,  at  Full  and  Change,  their  joint  Attraction  confpire  to  raife 
the  Tides  higher  than  when  they  act  crofs-ways.  Hence  the  Tides 
are  higher  than  ordinary  twice  every  Month,  and  are  called  Spring 
Tides ;  but  this  does  not  happen  till  two  or  three  Days  after,  when 
the  Attractions  of  the  Sun  and  Moon  have  been  united  fome  Time. 
But  when  the  Sun  and  the  Moon  act  crofs-ways,  or  are  90°  afun- 
der,  the  Tides  are  leffened  in  Proportion  to  the  Difference  of  their 
Powers  of  Attraction,  and  produce  what  we  call  Neap  Tides,  which 
happen  foon  alter  the  firft  and  laft  Quarter  of  the  Moon,  when  the 
Sun  has  leffened  the  Attraction  of  the  Moon  for  fome-  Time. 

The  Moon  being  the  principal  Caufe  of  railing  the  Tides,  they 
are  always  found  to  follow  her,  and  confequently  muft  always  be 
Ihifting  from  Weft  to  Eaft  as  the  Moon  does,  fo  that  if  it  is  High 
Water  at  any  Place  when  the  Moon  is  upon  the  Meridian  of  that 
Place  at  Full  or  Change,  it  will  be  about  49  Minutes  later  on  the  fol¬ 
lowing  Day,  1  Hour  38  Minutes  later  on  the  fecond  Day,  falling 
back  49  Minutes  every  24  Flours,  until  the  Moon  comes  to  the  op- 
polite  Meridian;  and  then  it  will  be  Fligh  Witter  again.  Thefe 
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Tides  regularly  rife  and  fall  twice  in  the  24  Hours,  wherefore  by 
knowing  the  Time  of  the  Moon’s  fouthing  at  any  Place,  and  the 
Time  of  High  Water  at  Full  or  Change  at  that  Place,  we  can  find 
the  Time  of  High  Water  on  any  other  Day  at  the  fame  Place,  by 
allowing  49  Minutes  later  for  every  Day  fincc  the  Full  cr  Change,  or 
24  Minutes  later  for  every  Tide. 

Thefe  Tides  would  be  regular  from  Weft  to  Faft  were  the  whole 
Earth  covered  with  deep  Water,  but  feeing  their  Courfe  is  ob 
ftru&ed  by  Land  lying  in  their  Way,  furrounding  Illands,  running 
up  winding  Rivers,  and  otherwife  affected  by  Shoals,  finking  againft 
Capes  and  Head-lands  ;  they  are  often  forced  to  take  long  Circuits- 
and  various  Directions  to  come  to  the  Levels :  that  the  Setting  of 
the  Tides  and  Times  of  High  Water  are  different  at  different 
Places. 

The  Tides  riling  higher  in  Bays  and  Pavers  than  in  the  open  Sea, 
is  occafionedby  its  ftriking  againft  the  contracting  Banks  of  Bav$ 
and  Rivers,  accumulate  the  Water  and  caufe  it  to  rife  higher  than  in 
the  open  Seas. 

The  Tides  are  higher  than  ordinary  twice  every  Year,  viz.  about 
the  Vernal  and  Autumnal  Equinoxes,  and  the  Neap  Tides  lefs, 
which  are  occafioned  by  the  Sun’s  being  nearer  to  the  E.  rth  at 
thefe  Times  then  at  any  other  Time  of  the  Year,  and  confequently 
the  Power  of  Attraftion  is  ftrongcr  ;  for  by  drawing  up  the  Water 
when  the  Sun  and  Moon  are  upon  the  Meridian  to  a  greater  Height 
than  ordinary,  the  Water  90°  diftant  from  the  Meridian,  mull:  fub- 
fide  in  the  fame  Proportion. 

The  Method  generally  preferibed  for  finding  the  Time  of 
High  Water  at  any  Place,  is  contained  in  the  following  par¬ 
ticulars. 

To  fnd  the  Leap  Tear. 

Divide  the  given  Year  by  4,  if  nothing  remains  it  is  Leap  Year, 
but  if  x,  2,  or  3  remains,  they  fhew  that  it  is  fo  many  Years  after 
Bifextile,  or  Leap  Year,  as  the  Remainder  is:  thus,  the  Year  1775 
divided  by  4  gives  443,  and  the  Remainder  3  (hews  that  it  is  the 
third  after  Leap  Year. 

To  find  the  Golden  "Number  of  any  Tear. 

Rule.  Add  one  to  the  given  Year,  and  divide  the  Sum  by  19, 
the  Remainder  will  be  the  Golden  Number. 

EXAMPLE. 

Required  the  Golden  Number  of  1 775. 

By  adding  one  to  the  prefent  Year,  gives  1776,  this  divided  by 
19  gives  93  for  the  quotient,  and  the  Remainder  is  a,  the  Golden 
Number  for  1775. 

To 
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To  find  the  Epafl  for  any  Tear. 

Rule.  Divide  the  given  Year  by  19,  the  Remainder  multiply 
5y  11,  and  theProdudf  will  be  the  Epadt,  if  it  does  not  exceed  29; 
aut  if  it  does,  fubtradf  30  from  it  as  often  as  you  can,  and  the  Re¬ 
mainder  will  be  the  Epadf,  for  it  never  exceeds  29. 

EXAMPLE. 

What  is  the  Epaoi  of  the  Year  1775  ? 

1775  divided  by  19  gives  93,  and  the  Remainder  8  multiplied  by 
[i  gives  88 ;  this  divided  by  30  gives  2,  and  the  Remainder  is  28, 
ivhich  is  the  Epadt  for  1775. 

To  find  the  Moon's  Age. 

To  the  Epadt  add  the  Day  of  the  Month  and  the  Epadt,  orNum- 
>er  for  the  Month,  the  Sum,  if  it  does  not  exceed  30,  is  her  age ; 

>ut  if  it  does,  fubtradt  30  from  it  as  often  as  you  can,  and  the  Re¬ 

mainder  is  her  Age. 

The  Epadt',  or  Numbers  for  each  Month  are  as  follows  : 

Jan.  Feb.  Mar.  Apr.  May,  June,  July,  Aug.  Sept.  0£t.  Nov.  Dec; 
ncom.Yrs.  02  o  2  2  4  4  6  7  81010 

'nLeap.Yrs.  02  1  3  3  5  5  7  8  91011 

EXAMPLE. 

Required  the  Moon's  Age  the  17 th  of  April  1775* 

To  the  Epadt  28  add  the  Number  for  the  Month  2,  and  the  Day 
)f  the  Month  17,  the  Sum  is  47,  from  which  take  30,  and  the  Re- 
hainder  1 7  is  the  Moon’s  Age  for  the  given  Day;, 

To  find  the  Moon’s  Southing  on  any  Day  of  her  Age. 

Since  the  Sun  returns  to  the  Meridian  he  has  left  in  the  Space  of 
14  Hours,  and  the  Moon  in  about  24  Hours  49  Minutes,  therefore, 
f  the  Moon  leaves  the  Meridian  at  the  fame  Time  that  the  Sun  does 
in  any  Day,  the  next  Day  (he  will  come  to  the  Meridian  49 
Minutes  after  him,  falling  back  about  49  Minutes  every  Day* 
vhence  to  find  the  Time  of  the  Moon’s  South,  or  coming  to  the 
Meridian  ori  any  Day,  we  have  this  Cafy  Piule. 

Rule.  Multiply  the  Day  of  Tier  Age  by  49,  and  divide  the 
Produdt  by  60,  the  Quotient  is  the  Hours,  and  the  Remainder  the 
Minutes  Afternoon  when  fhe  fouths.  Or,  which  is  rather  eafier,  and 
n  many  refpedts  fufficientlyexadt  for  the  Mariner’s  Purpofe; 

Multiply  the  Moon’s  Age  by  4,  and  divide  the  Produdt  by  5, 
:he  Quotient  is  the  Hours,  and  the  R.emainder  multiplied  by  1 2 
gives  the  Minutes  after  Noon  when  fhe  is -upon  the  Meridian. 
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N.  B.  From  the  Full  Moon  to  the  Change  (he  comes  to  the  Me¬ 
ridian,  or  fouths  in  the  Afternoon ;  but  from  the  Change  to  the 
Full,  in  the  Morning. 


Required  the  Moon' s  Southing  September  I,  1775? 


The  Epa£t  is  28  Moon’s  Age  6  or  thus  6 

Number  for  the  Month  is  7  Multpiied  by  49  4 

Day  of  the  Month  1  — - 


Subtract 


—  6.0)29.4  5)24 

30  Moon’s  Southing  4  45  Moon’s  Southing  4  48 


Remainder  is  the  M.  Age  6 


Hence  it  appears,  that  the  Moon  comes  to  the  South  at  54,  or  48 
Minutes  after  four  in  the  Afternoon. 


To  find  the  Time  of  High  Water  on  any  Time  of  the  Moon's  Age  at 

any  Place. 

From  the  Obfervations  of  many  Perfons  there  have  been  collect¬ 
ed  the  Times  when  it  is  High  Water  on  the  Days  of  the  New  and 
Full  Moon  on  molt  of  the  Sea  Coafls  of  Europe,  and  at  feveral  otheF 
Places,  and  thefe  Times  are  commonly  put  in  a  Table  againft  the 
Names  of  the  Places  in  an  alphabetical  Order,  for  which  Pieafon  it 
is  called  the  Tide  Table;  but  in  this  Treatife  the  Times  of  High 
Water,  at  Full  and  Change  are  fet  down  before  the  Latitude  and 
Longitude  of  each  Place  in  the  Table  of  Latitudes  and  Longitudes 
of  Places. 

Rule.  To  the  Time  of  the  Moon’s  fouthing  on  the  given  Dav, 
add  the  Time  of  High  Water  at  Full  and  Change  at  the  given  Place, 
taken  from  the  Table  ;  the  Sum  is  the  Hour,  paft  Noon,  on  the  given 
Day  when  it  is  High  Water  at  the  given  Place. 

And  if  this  Hour  exceeds  12,  lubtracl  12  Hours  24  Minutes  from 
it,  and  the  Remainder  fhews  the  Time  of  High  Water  after  Mid¬ 
night  ;  but  if  it  exceeds  24,  fubtracl  24  from  it,  and  the  Remain¬ 
der  fhews  the  Time  of  High  Water  the  next  Day,  which  being  re¬ 
duced  back  to  the  given  Day,  by  allowing  1 2  Hours  24  Minutes  for 
a  Tide  gives  the  Time  of  High  Water  the  given  Day. 

EXAMPLE  I. 

At  what  Time  will  it  be  High  JVatcr  at  London ,  Sept,  j,  1 773  ? 

To  the  Time  of  the  Moon’s  fouthing  that  Day,  4  Hours  54 
Minutes,  add  3  Hours,  the  Time  anfwering  to  London  in  the 
Table,  and  you  hat  e  7  Hours  54  Minutes,  the  Time  of  High  Water 
at  London  in  the  Morning. 
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EXAMPLE  II. 

Required  the  Time  of  High  IVater  at  the  Lizard  the  fame  Day  ? 

The  Moon’s  fouthing  4  Hours  54  Minutes,  added  to  the  Time  of 
High  Water  at  the  Lizard  7  Hours  30  Minutes,  gives  12  Hours  24 
Minutes  after  Noon,  from  which  fubtracf  1 2  Hours  24  Minutes, 
Half  a  Lunar  Day,  there  Remains  nothing,  which  fhews  that  it  is 
High  Water  at  the  Lizard  at  12  o’Clock,  Sept,  1,  1775. 

EXAMPLE  III. 

Required  the  Time  of  High  Water  at  London,  the  \th  of  Auguf  1776. 

To  the  Epaft  for  1776  9  or  thus,  the  Moon’s  Age  19 

Add  the  Day  of  the  Month  4  49 

And  Num.  for  the  Month  6  ■—  1  • 

-  171 

The  Moon’s  Age  19  76 

4  - 

-  6.0)  93.1 

5)  76  .  - — 

-  Moon’s  Southing  15.  31 

I5.i  =  I2M.  Time  at  London  3  — 

Hence  it  appears  that  it  is  High  Water  at  London  at  18  31 

from  which  fubtra&ing  12  H.  24  M.  Half  a  Lunar  Day,  there  Re¬ 
mains  6  H.  7  M.  P.  M  the  Time  of  Pligh  Water  at  London. 

This  is  the  Method  of  finding  the  Time  of  High  Water  inferted  in 
common  Books  of  Navigation,  which,  at  Times,  will  give  the  Moon’s 
Age  whole  Days,  and  the  Time  of  her  fouthing,  and  of  High  Wa¬ 
ter,  Hours  wide  of  the  Truth;  and  even  if  the  Moon’s  fouthing  be 
exa£Hy  found,  yet  the  Tides  may  differ  lefs  or  more  from  the  com¬ 
puted  Time  ;  for  the  Floods  do  not  always  happen  at  the  fame 
Diftance  of  Time  from  each  other,  but  at  different  Diftances,  ac¬ 
cording  to  the  Times  of  the  Moon’s  Age,  and  her  Afpeft  with  re- 
fpett  to  the  Sun,  or  as  the  Waters  are  adled  upon  by  the  Sum  or 
Difference  of  the  attractive  Forces  of  the  Sun  and  Moon,  and  alfo 
on  Account  of  Winds  and  Storms,  even  when  out  of  Hearing, 
which  greatly  affeft  the  Tides;  the  real  Times  of  High  Water  at  any 
Place  will  often  differ  from  the  computed  Times  ;  therefore  Pilots, 
and  all  concerned,  would  do  well  to  ufe  the  following  Method, 
which  will  in  general  give  the  Time  of  High  Water  within  Half 
an  Hour  of  the  Truth,  when  the  Tides  are  not  greatly  influenced  by 
the  Winds. 

Find  the  Moon’s  Age  in  the  following  Table,  (hewing  the 
Times  of  her  mean  Changes,  by  reckoning  the  Number  of 
Days  fince  her  laft  Change,  and  only  obferve  that  the  Day 
on  which  you  are  to  find  her  Age  is  to  be  excluded ;  that  is, 

R  2  you 


132  of  TIDES. 

you  are  only  to  count  the  Days  that  are  completely  elapfed  fmce  her 
Change. 

Then  find  the  Times  anfwering  to  her  Age,  in  the  fecond  Right 
Hand  Columns  in  each  Page,  and  add  it  "to  the  Time  of  High 
Water  at  any  Place,  gives  the  Time  of  High  Water  at  that  Place  on 
the  given  Day. 

EXAMPLE  I. 

Required  the  Time  of  High  Water  at  London,  Sept,  i,  1775? 

Oppofite  ^1775,  and  under  Auguft  in  the  Table,  I  find  it  is 
a  new  Moon  the  26th,  at  five  in  the  Morning,  and  reckoning  for¬ 
ward  to  September  1,  I  find  {he  is  fix  Days  old.  In  the  Table  of 
Times,  and  oppefite  to  6  Day,  ftands  3  H.  44  M.  which  add  to 
3  Hours  (the  lime  making  High  Water  at  London  at  Full  and 
Change)  gives  6  H.  44  M.  the  Time  of  High  Water  at  London, 
Sept,  j,  1775. 

EXAMPLE  II. 

At  what  Time  will  it  be  High  Water  at  London  the  4 th  of  AuguJ}>  1776. 

In  the  Table  againft  1776,  and  under  July,  I  find  it  is  new  Moon 
the  1 6th,  at  one  in  the  Morning,  and  reckoning  forward  to  Auguft 
4th,  I  find  the  Moon  is  19  Days  old ;  then  oppofite  to  19  in  the 
Table  of  Times  ftand  14  H.  30  M.  which  being  added  to  3  Hours, 
the  Time  of  flowing  at  London  gives  1  7  H.  30  M.  which  being 
above  12,  I  fubtraft  12  24  from  it,  and  there  remains  5  H.  6M. 
the  Time  of  High  Water  at  London  in  the  Afternoon. 

By  comparing  the  Refill ts  obtained  by  this  Method  with  thofe  ob¬ 
tained  by  the  common  Method,  there  appears  a  very  confiderable 
Difference,  wherefore  to  ufe  the  j.  able  in  thefe  Computations  is  by 
far  the  exa&eft. 

If  a  greater  Degree  of  Accuracy  be  required,  proportional  Parts 
may  be  taken  for  any  undeterminate  Hours  and  Minutes  as  in  the 
following 

EXAMPLE. 

Required  the  Time  of  the  High  Water  at  the  Lizard  on  the  2  cth  of 

June  1775? 

The  Moon’s  Age  on  June  20,  1775,  is  21  Days  21  Hours  ;  the 
Time  for  21  Days  18  Hours  is  16  Hours  37  Minutes,  and  for  22 
Days  00  Hours,  r6  Hours  5 1  Minutes ;  the  Difference  is  14  Minutes, 
Half  of  which  added,  on  Account  of  the  three  Hours,  to  16  Hours 
37  Minutes,  makes  16  Hours  44  Minutes,  the  Time  of  the  Moon’s 
Age  21  Days  21  Hours,  and  this  added  to  7  Hours  30  Minutes, 
the  Time  of  High  Water  at  the  Lizard  at  new  Moon,  gives  24  Hours 
14  Minutes  for  the  Time  paft  Moon  on  the  given  Dav  when  it  is 
High  Water  there;  from  which  fubtraefing  12  Hours  29  Minutes, 
the  Time  anfwering  to  a  Tide,  or  to  12  Hours  24  Minutes,  Half  a 

Lunar 
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Lunar  Day,  at  this  Time  of  the  Moon’s  Age,  there  remains  1 1 
Hours  45  Minutes  P.  M.  the  Time  of  High  Water  at  the  Lizard, 
June  20,  1775. 

Among  Pilots  it  is  cuftomary  to  reckon  the  Time  of  Flood,  or 
High  Water  by  the  Point  of  the  Compafs  the  Moon  bears  on  at  that 
Time,  allowing  three  Quarters  of  an  Hour  for  each  Point.  Thus, 
in  Places  where  it  is  Flood  at  Noon  on  the  Days  of  Full  and 
Change,  the  Tide  is  faid  to  flow  North  and  South,  or  at  12  o’Clock. 
In  Places  where  the  Moon  bears  1,  2,  3,  4,  or  more  Points  to  the 
Eaft  or  Weft  of  the  Meridian,  when  it  is  High  Water  on  the  fame 
Days  the  Tide  is  faid  to  flow  on  fuch  a  Point,  fo  if  the  Moon  bear* 
S.  E.  at  Flood,  it  is  faid  to  flow  S-  E.  and  N.  W.  or  3  Hours  be¬ 
fore  the  Meridian,  that  is  9  o^Clock,  if  fhe  bears  S.  W.  it  flows  S. 
W.  and  N.  E.  or  at  3  Hours  after  the  Meridian  ;  and  in  like  Man¬ 
ner  for  other  Points  of  the  Moon’s  bearing. 


A  Table  of  the  Bearings  of  the  Moon  at  the  Time  of  High  Water ,  with 
the  Time  of  thofe  Bearings  at  the  following  Places. 


When  the  Moon  Bears 
as  follows. 

H 

N.  and 

S. 

1 2 

N.  by  E. 

S.  by  W. 

°T 

N.  N.  E. 

S.  S.  W. 

H 

N>  E.  by  N 

S.W.byS. 

z\ 

N.  E. 

S.  W. 

3 

N.  E.  by  E 

S.W.byW. 

E.  N.  E. 

W.  S.  W. 

4r 

E.  by  N. 

W.  by  S. 

54 

E. 

W. 

6 

E.  by  S. 

W.  by  N. 

61 

E.  S.  E 

W.  N.  W. 

_  1 
/  T 

S.  E.  by  E. 

N.W.byW 

8-1 

S.  E. 

N.  W. 

9 

S.  E.  by  S. 
S.  S.  E. 

N  W.byN 
N.N.W. 

9i 

S.  by  E. 

N.  by  W. 

S. 

N. 

12 

Ifle  of  Alderney,  Gibraltar,  Southampton, 
Beachy,  Sheernefs,  a  Sand  called  Kentilh 
Knock,  a  Sand  called  the  Swin,  at  the 
Mouth  of  the  Thames, 
p  or  45  Minutes  part  12,  Rocheder,  Flufli- 
\[  ing,  Malden,  Nore 
5  or  30  Minutes  pad  1,  Bell  Ifle,  Tinmouth, 
?  Gravefend,  Holyhead 
J  or  1  5  Minutes  pad  2,  Berwick,  Lifbon, 
(  St.  Andrew’s,  Conquet 
I  Whitby,  London,  Amderdam,  Bourdeaux, 
{  BayofBifcay 

t  Bred,  Huntcliff,  Ifle  of  Bas  at  the  Maes, 
\  Scarborough 

In  Breefound,  Ufhant.Scilly,  Cork,  C.  Clear 
f  Humber  Mouth,  at  the  Spurn,  Torbay, 
(  Start,  Foint 

1  Hull,  Wells,  Weymouth,  Plymouth, 
)  Ramehead 

Bridol,  Portland  Road,  Lynn,  Foulnefs,  Foy 
t  Lizard,  Land’s  End,  Falmouth,  Penryn, 
(  C.  Barfleur 

V  Eddifl.  ne,  Yarmouth,  Needles,  Fly, 
I  Dublin,  I.  Fly. 

|  Jfle  of  Man,  ifle  of  Wight,  E.  End, 
l  Cafkers,  Caen 

N  Foreland,  Dungenefs,  Dunnofe,  Shoreham 
FheDowns, Deal,  Dover, S. Foreland, S.  Helen’s 

{  Margate,  Harwich,  Rofe,  Pool,  Portfmo. 

1  Spithead,  Calais 

|  Dunkirk,  Embden,  R.  Elbe,  Coad  of 
X  Flanders,  Oflend. 
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Shewing  the  Times  of  all  the  mean  Changes  of 
the  Moon  to  the  ncareft  Hour  from  the  Begin¬ 
ning  of  the  Year  1775,  till  the  End  of  the  Year 
1799,  according  to  the  new  Style. 


Yeai 

J  an. 

Feb.  | 

March. 

April. 

May. 

June. 

D. 

H. 

D. 

H 

D. 

H 

D. 

H. 

D. 

H 

D. 

H 

1 . 

1  1 

n 

im 

28. 

•775 

3'- 

0  a 

3'- 

2  a 

30. 

3m 

29. 

3  a 

4  m 

1776 

20. 

9  a 

19. 

10  a 

:9 

;  0  a 

18 

1  I  rr 

'7 

12  a 

16. 

0  a 

‘777 

9- 

qm 

7- 

6  a 

9 

7m 

7- 

8  a 

/  * 

9  m 

5* 

9  3 

00 

28. 

3m 

26 

4 a 

28. 

3m 

26. 

6  a 

26. 

6m 

24. 

7  a 

'779 

>7- 

0  a 

16. 

1  tn 

'7- 

2  a 

ib. 

3m 

* 

3  2 

i4. 

4m 

1 780 

6. 

9  a 

3- 

1  om 

5- 

1  1  a 

4- 

1  im 

3- 

i  2  a 

2. 

O  a 

1781 

2  4 

b  a 

-3- 

7m 

24. 

8  a 

23. 

9  m 

22. 

9 s 

2 1 . 

10m 

1782 

U- 

3m 

r  2. 

4 a 

14. 

5m 

12. 

6  a 

1  2. 

6m 

10. 

7  a 

OO 

3- 

0  a 

2. 

im 

3- 

2  a 

2. 

2m 

1. 

3>* 

3  3 
3m 

29. 

4  a. 

1784 

22. 

9m 

20. 

10  a 

21. 

1  im 

'9 

12  a 

19. 

0  a 

18. 

im' 

to 

00 

10. 

6  a 

9- 

7111 

IO. 

8  a 

9 

9m 

8. 

10  a 

7- 

10m 

17  8b 

29. 

4  8 

28. 

- 

2q. 

5 a 

28. 

6m 

27. 

6  a 

26. 

7IT1 

1787 

,8. 

12  a 

'7- 

i  a 

12. 

2  m 

'7- 

3  2 

17- 

3m 

'7- 

4  a 

-s) 

00 

oc 

8. 

qm 

6. 

10  a 

7- 

1 1  m 

5 

1 2  a 

<• 

1  a 

4- 

im 

1789 

26. 

7m 

24. 

8  a 

26. 

9m 

24. 

10  a 

24. 

10m 

22. 

1 1  a 

1790 

'3- 

4  8 

14. 

3m 

1 5- 

5  a 

14.. 

6m 

‘3- 

6  a 

1 2. 

7m 

1791 

4- 

12  a 

3* 

I  a 

5- 

2IH 

3- 

3  3 

3- 

4m 

1. 

31 

4  a 

5m‘ 

1792 

23. 

10  a 

22. 

1  1  m 

22. 

1  z  a 

21  . 

1  a 

21. 

im 

19. 

2  a 

'793 

1 2. 

7m 

10. 

8  a 

12. 

9TT1 

IO. 

10  a 

IO. 

1  om 

8 

1  1  a 

*794 

1. 

3'- 

4  a 
5m 

1 . 

3  ’• 

b  a 
6m 

29. 

7  8 

7.9. 

7m 

27. 

8  a 

1793 

20. 

1  a 

19. 

2m 

20. 

3  8 

ig. 

4m 

18. 

4m 

17- 

,'m 

!»79fc 

9- 

10  a 

8. 

1 1  m 

8 

1  2  a 

7* 

0  a 

7- 

1  m 

5- 

1  a 

1 797 

27 

7  8 

26. 

8m 

27. 

9  3 

2b. 

1  om 

2;. 

jo  a 

-4 

1  1  m 

(1798 

17. 

4.IB 

K. 

3  8 

1  7- 

6m|  1 5. 

7  8 

1 5- 

~m 

1 3- 

8  a 

i 1 7  99 

6. 

1  a 

5- 

2n. 

6. 

3  3 

5- 

4m 

4- 

5 3 

3- 

N. 

B. 

a  fignifies  Afternoon, 

and  m  the 

Morn- 

A  Table  of  Tim*Si 
Which  addedtothcTime 
of  High  Water  at  any 
Place  on  the  Day  of 
New  or  Full  Moon, 
fhewtheTitneol  High 
Water  at  thatPlaccon 
any  other  Day  of  her 
Age. 


mg,  or  after  Midnight. 


Moon  s  A 

Time. 

j  D.  H. 

H.  M 

CO 

CO  co 

06 

00  08 

12 

00  17 

18 

00  z6 

I  00 

co  36 

06 

00  45 

12 

co  54 

iS 

01  02 

2  OO 

01  j  1 

06 

01  19 

12 

01  28 

18 

01  37 

U) 

O 

O 

ot  46 

c6 

01  54 

12 

02  03 

18 

02  12 

4  °° 

02  2 1 

c6 

C2  30 

12 

02  40 

18 

0 

N 

Lrt 

O 

5  00 

03  ci 

06 

O3  11 

12 

03  21 

18 

°3  32 

1  6  00 

03  44 

06 

C3  56 

>2 

c4  09 

18 

04  23 

7  co 

°4  37 

06 

04  51 

12 

05  c6 

18 

05  22 

8  co 

05  40 

06 

c6  00 

12 

O 

<4 

VO 

0 

iS 

06  35 

!  9  co 

06  58 

06 

c  7  18 

12 

°7  37 

18 

c7  56 

10  00 

08  14 

06 

08  31 

12 

08  47 

18 

09  02 

ii  00 

09  1  j 

c6 

09  31 

12 

c9  44 

i  ,s 

09  56 

J  12  co 

10  09 

c6 

IO  21 

12 

10  32 

is 

10  43 

1  13  op 

10  53 

c6 

II  03 

12 

II  13 

18 

11  23 

OF  TIDES 
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Year 

July. 

Augu  (1 

Sept. 

061. 

Nov. 

Dec. 

D.  H. 

D.  H. 

D.  H. 

D.  H 

D.  H. 

D.  H. 

1775 

27.  5  a 

26  6m 

24.  6  a 

24  7m 

22.  8  a 

22.  gm 

1776 

16.  1  m 

I4.  2  2 

13.  2.m 

12.  3  a 

11.  4m 

1 0.  5  a 

'777 

5. 10m 

3. 11  a 

2.  0  a 

1. 12  a 

31.  I  a 

30.  2m 

29.  3  a 

1778 

24.  8m 

22.  9  a: 

2  I  .  9fTJ 

20. 1 0  a 

19  I  I  IT 

1 8. 1 2  a 

1779 

'3-  5  a 

12.  6m 

10.  6  a 

10.  7m 

8.  8  a 

8-  9m 

O 

OO 

2.  i  in 

31.  2  a 

3°-  3m 

28.  3  a 

28. 4m 

26.  5  a 

26.  6m 

1781 

20. 1 1  a 

19  0  3 

17.12  a 

17.  1  a 

16.  2m 

'5-  3  a 

1782 

10.  8m 

8.  9  a 

7.  9m 

6. 10  a 

g.  1 1  m 

4. 1 2  a 

1783 

29.  Jill 

27.  6  a 

26.  6m 

25.  7  a 

24.  8m 

23.  9  a 

1784 

17.  2  a 

16.  3m 

14.  3  a 

14.  4m 

12.  5  a 

12.  6m 

1 7% 

6- 1 1  a 

5.  0  a 

4.  im 

3.  1  a 

2.  2m 

1.  3  a 
31.  3m 

1 786 

25.  8  a 

24.  gm 

22.  9  a 

22.  ion* 

20. 1  1  a 

20.  0  a 

1787 

13.  5m 

13.  6a 

1 2.  6m 

11.7a 

1 0.  8m 

9.  9  a 

1788 

3.  2  a 

2.  3m 
31.  4  a 

30.  4m 

29.  S  a 

z8.  6m 

27.  7  a 

1789 

22.  0  a 

2  I  . 

im 

19.  1  a 

I9.  2m 

'7*  3  a 

17.  4m 

1790 

11.  8  a 

10.  9m 

8.  g  a 

8  10m 

6  1 1  a 

6.  0  a 

1 79 1 

30.  6  a 

29.  7m 

27.  7  a 

27.  8m 

25.  9  a 

zg.  10m 

1792 

19.  3m 

17.  4  a 

16.  4m 

15.  5  a 

14.  6m 

'3-  7  a 

>793 

8.  0  a 

7.  im 

5.  1  a 

5.  2m 

3’  3  a 

3.  4m 

1794 

27.  9m 

25.10  a 

24. 10m 

23.11  a 

22.  0  a 

22.  im 

'793 

16.  6  a 

15.  7m 

'3-  7  a 

1  3.  8m 

11.9a 

1 1 . 10m 

1796 

5.  2m 

3- 

3  a 

2.  4m 

1.4  a 
31.  gm 

29.  6  a 

29.  7m 

1797 

23.12  a 

22.  I  a 

21.  lir. 

20.  2  a 

19.  3m 

18.  4  a 

4798 

13.  9m 

1 1. 10  a 

10.10m 

9.1 1  a 

8.  0  a 

8,  1  m 

1 7  99 

2.  6  a 

I.  7m 

30.  8  a 

29.  8  m 

28.  9  a 

27.10m 

26.11  a 

:  . —  tl1'-  'juccuii  ur  wrung.  11 

it  runs  3  Hours  longer  it  is  called  Tide  and  Half  Fide 
an  Hour  and  an  Half  makes  Tide  and  Quarter  1 
three  Quarters  of  an  Hour  makes  Tide  ana  Half  C 
ter  Tide,  &c. 


Moon’s  A. 

Times.  \ 

D.  H. 

H.  M. 

14  CO 

11  33 

06 

II  42 

12 

11  51 

18 

12  OO 

15  CO 

12  08 

06 

12  17 

IZ 

12  26 

iS 

12  36 

16  00 

12  45 

c6 

12  54 

12 

13  02 

18 

13  II 

17  00 

13  ig 

c6 

13  28 

12 

'3  37 

18 

'3  46 

18  00 

J3  54 

06 

14  03 

12 

14  1 2 

18 

14  21 

19  co 

14  30 

06 

*4  4° 

12 

'4  5° 

18 

15  or 

20  OO 

15  11 

c6 

15  21 

12 

15  32 

18 

>5  44 

21  OO 

15  56 

06 

16  09 

12 

16  23 

18 

16  37 

22  00 

16  51 

06 

17  06 

12 

17  22 

18 

17  40 

23  00 

18  00 

06 

18  20 

12 

18  39 

18 

18  58 

24  °° 

14  18 

!  06 

19  37 

12 

19  56 

i  18 

20  14 

I  25  °o 

20  31 

06 

20  47 

12 

21  02 

18 

21  17 

e  26  00 

21  31 

t  06 

21  44 

.  12 

21  56 

18 

22  C9 

t* 

0 

0 

22  21 

g6 

22  32 

12 

22  43 

is 

22  53 

28  00 

23  03 

06 

23  13 

12 

23  23 

18 

23  33 

29  00 

23  42 

06 

23  51 

12 

24  OO 

(  i36  ) 

To  rectify  or  adjuft  Hadley’s  Quadrant. 

I.  For  the  Fore  Observation. 

BRING  the  Index  clofe  to  the  Bottom,  that  the  Middle  of  the 
Vernier’s  Scale  ftand  againft  o  Degrees :  Hold  the  Plane  of 
the  Inftrument  vertical,  with  the  Arch  downwards  ;  look  through 
the  Right-hand  Hole  in  the  Vane,  and  direct  the  Sight  through  the 
tranfparent  Part  of  the  Glafs  to  obferve  the  Horizon.  Now  if  the 
Horizon  Line,  feen  both  in  the  Quick-filvered  Part,  and  through  the 
tranfparent  Part,  fhould  coincide,  or  make  one  ftraight  Line,  then  is 
the  Glafs  truly  adjufted  :  But  if  one  of  the  Horizon  Lines  ftand 
above  the  other,  flacken  the  Screw  in  the  Middle  of  the  Lever,  back¬ 
wards  or  forwards,  as  there  is  Occafion,  until  the  Horizon  Lines 
coincide  •,  fallen  the  Screw  in  the  Middle  of  the  Lever,  and  then  is 
the  Horizon  Glafs  adjufted. 

2.  For  the  Back  Obfervation. 

Turn  the  Button  on  one  Side,  and  fet  the  Middle  Line  of  the  In¬ 
dex  as  many  Degrees  before  o  Degrees  as  is  twice  the  Dip  of  the 
Horizon  ;  on  your  Height  above  the  Water  (found  in  the  Table  fol¬ 
lowing),  hold  the  Plane  of  the  Inftrument  vertically  with  the  Arch 
downwards,  look  through  the  Hole  in  the  Vane,  and  if  the  Horizon 
Line,  feen  through  the  tranfparent  Slit  in  the  Glafs,  coincides  with 
the  Image  of  the  Horizon,  feen  in  the  Quick-filvered  Part  of  the  fame 
Glafs,  then  is  the  Glafs  in  its  Pofition  :  If  not,  flacken  the  Screw- 
pin  in  the  Middle  of  the  Lever  behind  the  Glafs,  and  looking  through 
the  Vane  as  before  directed,  turn  the  Screw  at  the  End  of  the  Lever 
backwards  or  forwards,  as  it  is  wanted,  until  the  Horizon  Line  coin¬ 
cides;  then  tighten  the  Middle  Screw,  and  the  Glafs  is  adjufted. 
In  fetting  this  Glafs  by  the  oppofite  Horizon,  the  Head  fhould  be 
held  a  little  backwards,  not  to  intercept  the  Light  from  behind. 
The  Horizon  feen  from  behind  will  be  inverted;  that  is,  the  Water 
will  appear  above,  and  the  Sky  below;  and  if  the  two  Horizon 
Lines  crofs  one  another,  the  Inftrument  is  not  held  upright. 

Another  Adjujhnent  which  ought  not  to  be  omitted. 

Hold  the  Plane  of  the  Quadrant  parallel  to  the  Horizon,  and  the 
Index  being  brought  to  the  Beginning  of  the  Arch,  if  the  Horizon 
of  the  Sea,  or  Line  of  the  Sea,  feen  by  Refraction  in  the  Quick- 
filvered  Part  of  the  Horizon  Glafs,  be  higher  than  the  fame  feen  di- 
freCtly  through  the  tranfparent  Part  of  that  Glafs,  unferew  the  neareft 
Screw  a  little,  and  ferew  up  the  oppofite  one  till  the  dire£t  and  re¬ 
fracted  Horizons  agree  ;  on  the  contrary,  if  the  refracted  Horizon  is 

lower 
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lower  than  the  true  one,  unfcrew  the  Screw  fartheft  from  you,  and 
fcrevv  up  the  neareft  one  till  the  two  Horizons  agree  •,  and  take 
Care  to  leave  both  the  Screws  tight,  by  fcrewing  them  up  equally  if 
they  are  flack. 

To  take  the  Sun’s  Altitude  with  Hadley  s  Quadrant. 

1.  By  the  Fare  Obfervation. 

Fix  the  Screens  above  the  Horizon  Glafs,  ufing  either  or  both  of 
them,  according  to  the  Strength  of  the  Sun’s  Rays,  by  turning 
one  or  both  of  the  Frames  of  thefe  Glafles  clofe  againft  the  Plane  or 
Face  of  the  Inflrument ;  then,  the  Face  being  turned  towards  the 
Sun,  hold  the  Quadrant  by  the  Braces,  or  by  either  Ptadius,  as  is 
found  moll  convenient,  fo  as  to  be  in  a  vertical  Pofition,  with  the 
Arch  downwards  5  put  the' Eye  clofe  to  the  Right  Hand  Hole  in  the 
Vane,  look  at  the  Horizon  through  the  tranfparent  Part  of  the  Ho¬ 
rizon  Glafs  ;  at  the  fame  time,  move  the  Index  with  the  Left  Hand 
until  the  Image  of  the  Sun,  feen  in  the  quick-filvered  Part,  falls  in 
with  the  Line  of  the  Horizon,  taking  either  the  Upper  or  Under 
Edge  of  the  Solar  Image :  Swing  your  Body  gently  from  Side  to 
Side,  and  if  the  Edge  of  the  Sun  ufed  be  obferved  not  to  cut,  but  to 
touch  the  Horizon  Line,  like  a  Tangent,  the  Obfervation  is  well 
made  :  Then  fhall  the  Degrees  on  the  Arch,  reckoned  from  that 
End  next  your  Body,  give  the  Altitude  of  that  Edge  of  the  Sun 
which  was  brought'  to  the  Horizon.  If  the  Lower  Edge  was  ob¬ 
ferved,  then  1 6  Minutes  added  to  the  faid  Degrees,  gives  the  Alti¬ 
tude  of  the  Sun’s  Centre;  but  if  the  Upper  Edge  was  ufed,  the  i6 
Minutes  mud  be  fubtradted. 

2.  By  the  Back  Obfervation. 

Put  the  Stem  of  the  Skreens  into  the  Hole  next  the  Horizon 
Glafs,  ufing  them  as  before,  according  to  the  Strength  of  the  Sun’s 
Pvays  ;  then  the  Back  being  turned  to  the  Sun,  hold  the  Inftrument 
by  the  Radius  and  Brace  in  a  vertical  Pofition,  with  the  Arch  down¬ 
wards  ;  put  the  Eye  clofe  to  the  Hole  in  the  Vane,  look  for  the  Ho¬ 
rizon  through  the  tranfparent  Slit  in  the  Glafs,  with  the  Right 
Hand  move  the  Index  until  the  Image  of  the  Sun,  feen  in  the  quick- 
filvered  Part  of  the  Glafs,  Hands  in  the  Horizon  Line,  feen  through 
the  tranfparent  Slit,  ufing  either  the  Upper  or  Under  Edge  of  the 
Sun  ;  fwing  your  Body  gently  to  the  Right  and  Left,  to  try  if  the 
Sun’s  Edge  runs  along  the  Horizon  ;  if  it  does,  the  Obfervation  is 
well  made,  and  the  Degrees  reckoned  from  that  End  of  the  Arch 
fartheft  from  your  Body,  will  give  the  Altitude  of  that  Part  of  the 
Sun  which  was  obferved.  If  the  Sun’s  lower  Edge  was  obferved, 
then  16  Minutes  fubtradled  from  the  before  found  Degrees,  will 
give  the  Altitude  of  the  Sun’s  Centre  ;  but  if  the  upper  Edge  was 

S  obferved, 
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obferved,  then  the  16  Minutes  are  to  be  added.  In  either  of  thefe 
Obfervations,  if  the  Altitude  of  the  Centre  could  be  obferved,  there 
would  then  be  no  need  of  ufing  the  i6  Minutes. 

To  find  the  Sun  more  eafily  in  the  Horizon,  turn  your  Back  to 
the  Sun,  and  look  through  the  Vane  and  Glafs  down  in  the  Middle 
of  the  Shadow  of  your  Head,  move  the  Index  forwards  until  the  re¬ 
fracted  Image  of  the  Horizon  before  you  is  brought  down  to  the 
Place  you  look  on  in  the  Glafs,  and  the  Index  will  then  be  fet  pretty 
near  to  the  Altitude,  and  fo  fitted  to  find  the  Sun  more  readily, 
either  in  the  fore  or  back  Obfervation. 

The  fore  Obfervation  is  mod  convenient,  efpecially  in  great  Al¬ 
titudes,  becaufe  there  is  a  much  larger  Scope  above  and  below  the 
Altitude  wanted,  then  there  is  in  the  back  Obfervation  ;  which,  on 
Account  of  the  Obliquity  of  the  Speculum  and  Horizon  Glaffes,  is 
more  contracted  in  its  life  ;  and  indeed  the  back  Obfervations  need 
never  be  ufed  for  the  Sun  where  there  is  a  clear  Horizon  forwards, 
or  under  the  Sun.  When  this  is  hazy  and  ill  defined,  then  it  is  befl 
to  ufe  the  back  Obfervation,  if  the  Horizon  is  clear  that  Way  ;  and 
therefore  it  is  proper  that  the  Horizon  Glafs  fhould  be  always  in 
Readinefs,  by  having  it  well  adjufted  ;  which,  becaufe  the  former 
Method  is  not  readily  attained  by  beginners,  we  fhall  annex  another, 
which  is  fomewhat  more  convenient. 

Another  Way  to  adjujl  for  the  Back  Objervation . 

Take  the  Altitude  of  the  lower  Edge  of  the  Sun,  by  the  fore  Ob¬ 
fervation,  as  near  to  Noon  as  can  be,  then  put  the  Screens  into  the 
Hole  near  the  Sun,  and  turning  your  Back  to  the  Sun,  and  holding 
the  Inftrument  properly,  taking  Care  not  to  move  the  Index,  look 
for  the  Horizon  Line  through  the  tranfparent  Slit  of  the  Glafs,  and 
if  the  Horizon  Line  touches  the  upper  Edge  of  the  Sun’s  Image  in 
the  Glafs,  it  is  properly  adjufted:  If  they  do  not  touch,  turn  the 
Glafs  by  the  Lever  behind  it,  till  they  do!  This  Operation  muft 
be  done  quickly,  before  the  Sun  fenfibly  alters  in  Altitude,  and 
may  be  frequently  repeated  to  make  the  fore  and  back  Obfervations 
agree. 

To  take  the  Altitude  of  a  Star  by  Hadley's  Quadrant. 

Look'direCtly  upat  the  Starthrough  the  Vane  and  tranfparent  Part 
of  the  Glafs,  the  Index  being  dole  to  the  Button,  then  will  the  Image 
of  the  Star,  by  PvefraCtion,  be  feen  in  the  filvered  Part  right  ao-ainft 
the  Star  feen  through  the  other  Part;  move  the  Index  forward%nd, 
as  the  Image  defeends,  let  the  Centre  of  the  Quadrant  defeend  alfo, 
to  keep  it  in  the  filvered  Part,  till  it  comes  down  in  a  Line  with  the 
Horizon  feen  through  the  tranfparent  Part,  and  the  Obfervation  is 
made. 
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By  a  Back  Obfervation. 

Through  the  Vane  and  the  tranfparent  Slit  in  the  Glafs  look  di- 
re£Uy  at  the  Star,  at  the  fame  Time,  move  the  Index  till  the  Image 
of  the  Horizon  behind  you,  being  refradled  by  the  great  Speculum, 
is  feen  in  the  Quick-filvered  Part,  and  meets  the  Star,  and  the  Index 
will  then  Ihew  the  Degrees  of  Altitude. 

Hadley’s  Quadrants  having  of  late  been  applied  to  take  the  neceflary 
Obfervations  for  finding  the  Longitude  at  Sea,  it  has  been  found, 
that  fuch  Obfervations  require  a  Degree  of  Accuracy,  which  the  In- 
ftruments  conftrudted  in  the  common  Way,  were  not  capable  of; 
to  remedy  which,  feveral  Artifts  have  applied  different  Articles. 
Particularly, 

A  Screw  to  the  lower  End  of  the  Index,  to  regulate  its  Motion, 
when  brought  by  the  Hand  to  a  Divifion,  nearly  fhewing  the  Con¬ 
tact  required ;  and  a  manifying  Glafs  to  read  off  the  Divifion  be- 
tweeen  the  Limb  and  the  Varnier. 

AfmallTube  or  Telefcope,  inftead  of  the  Sight  Vanes,  to  diredl 
the  Lines  of  Sight  in  a  Pofition  parallel  to  the  Plane  of  the  Qua¬ 
drant,  which  Tube  is  fcrewed  into  a  Ring  fixed  to  a  Square  Stand 
that  Hides  into  the  Socket  made  for  the  Sight  Vane,  and  by  the  help 
of  a  Screw  in  its  Bottom,  at  the  Back  of  the  Quadrant,  the  Stem  can 
be  raifed  or  lowered,  fo  as  to  move  the  Axis  of  the  Telefcope  to 
point  to  any  Part  of  the  Horizon  Glafs,  judged  fitteft  for  the  Ob¬ 
fervation. 

The  extending  the  Arch  from  an  Odlant  to  a  Sedlant,  or  fixth 
Part  of  a  Circle,  whereby  the  Angular  Diftance  can  be  taken  be¬ 
tween  two  Objects  to  i20°,  which  is  fometimes  wanted  in  taking 
the  Diftance  between  the  Moon  and  Sun ;  and  the  fame  Directions 
do  for  the  Sextant  that  are  given  for  the  Quadrant,  it  being  only  a 
larger  Portion  of  a  Circle  ;  alfo  for  the  Convenience  of  holding  the 
Inftrument  in  fuch  Obfervations,  a  ftout  Handle  is  fixed  to  the  Back, 
and  is  a  very  neceflary  Addition. 

Bo  make  on  artificial  Horizon. 

One  great  Inconvenience  that  Mariners  have  to  ftruggle  with  at 
Sea,  is  the  frequent  Want  of  a  Horizon  ;  for  though  the  Atmofphere 
may,  at  the  Height  of  xo  or  12  Degrees  and  upwards,  be  clear 
enough  to  give  a  View  of  the  Sun,  or  other  Objefts,  yet  all  below 
that  Height  is  often  fo  hazy  as  to  hinder  a  diftinft  Sight  of  the  Ho¬ 
rizon,  and  confequently  an  Obfervation  made  at  fuch  a  Time  cannot 
have  the  Corredtnefs  wifhed  for.  To  remedy  this,  many  Methods 
have  been  propofed,  the  belt  of  which  is, 

In  a  Wooden  or  Iron  circular  Box,  of  about  or  3  Inches 
diameter,  and  about  \  an  Inch  deep,  pour  about  a  Pound  or  more 
of  Quickfilver,  and  on  this  lay  a  Metal  Speculum,  or  Piece  of  plain 
Glafs,  whofe  Diameter  is  about  |  of  an  Inch  lefs  than  that  of  the 

S  2  *  Box ; 
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Box;  this  will  float  in  the  Quickfilver,  and  {hew  the  Image  of  the 
Sun  very  fteady.  This  Apparatus  being  flung  in  Jimbals,  will  pre- 
ferve  a  tolerable  good  Horizon.  The  Speculum,  cr  Glafs,  Ihould 
be  homogeneous,  and  have  parallel  Sides.  There  are  feme  Work¬ 
men  who  can  work  the  two  Planes  of  a  Piece  of  Glafs,  fo  that  they 
{hall  be  demonftratively  parallel ;  or  the  fine  Surface  of  the  Quick¬ 
filver  will  do  itfelf.  In  all  Obfervations  made  with  thefe  artificial 
Horizons,  a  Piece  of  coloured  Glafs  fhould  be  fixed  fc  .fore  the  Vane 
ufed,  to  preferve  the  Eye,  and  the  Screen  may  be  taken  off. 

The  Piays  of  Light  in  pafling  through  the  Atmofphere  are  bent  out 
of  their  ftraight  Courfe  into  a  curve  Line;  and  hence  it  happens  that 
all  the  Heavenly  Bodies,  except  when  they  are  in  the  Zenit  c,  -*p>  ear 
higher  than  they  ought  to  do,  and  fo  much  the  more  the  nearer  they 
are  to  the  Horizon.  This  apparent  Elevation  of  the  Heavenly  Bo¬ 
dies  above  their  true  Height  is  called  the  Refraction  of  their  Light, 
or,  in  common  fpeaking,  the  R.efra£lion  of  the  Cbje&s;  and  the 
Quantity  or  Effect  of  it,  according  to  the  different  Altitudes  of  Ob¬ 
jects,  has  been  carefully  obferved  by  eminent  Aftronomers,  and  muff 
always  be  fubtrafted  from  the  apparent  Altitude,  but  added  to  the 
apparent  Zenith  Diftance  of  an  Object,  with  whatever  I r.  firemen  t  the 
Obfervation  is  made,  in  order  to  obtain  its  true  Altitude  or  Zenith 
Diftance. 

That  the  Corrections  of  obferved  Altitudes  of  Objects,  both  on 
Account  of  the  Dip  of  the  Horizon  and  the  Piefrac'tion  of  their 
Light,  may  appear  at  one  View,  they  arc  both  exhibited  together  in 
the  following  Table.  ’ 


A 
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To  work  an  Observation,  or  to  find  the  Latitude  of  a  Place  by  the  Tables  of 
the  Sun  or  Star’s  Declination  and  the  Zenith  Difiance. 

The  Latitude  of  any  Place  is  its  Diftance  from  the  Equator,  either 
North  or  South,  counted  in  Degrees,  &c.  upon  an  Arch  of  the  Me¬ 
ridian,  contained  between  the  Zenith,  or  that  Point  directly  over 
your  Head,  and  the  Equator.  It  can  never  exceed  90  Degrees,  and 
is  found  by  taking  the  Altitude  or  Height  of  the  Sun  or  Star  above 
the  Horizon  of  the  Sea  with  a  Quadrant,  when  on  the  Meridian  or 
due  North  or  South  of  the  Place  of  Obfervation. 

This  Meridian  Altitude,  corrected  for  Dip  of  the  Horizon,  and 
Refraction,  and  16  Minutes  the  Sun’s  Semidiameter  added  thereto, 
gives  the  Altitude  of  his  Centre,  which  being  fubtracted  from  go° 
gives  the  Zenith  Diftance,  or  the  Number  of  Degrees,  &c.  the 
Centre  of  the  Object  is  from  the  Point  over  your  Head ;  with 
which,  and  knowing  how  far  the  Object  is  to  the  North  or  South  of 
the  Equator,  which  is  called  Declination,  the  Latitude  is  found  by 
the  Meridian  Altitude  of  any  Celeftial  Object  as  follows  : 

i  ft.  If  the  Sun  or  Star  be  South  when  obferved,  call  the  Zenith 
Diftance  South  ;  but  if  North,  call  it  North. 

Then  if  the  Zenith  Diftance  and  Declination  be  of  contrary 
Names  ;  that  is,  if  the  Sun  or  Star  comes  to  the  Meridian  in  the 
North,  and  hath  South  Declination  ;  or  to  the  South,  and  hath  North 
Declination,  the  Zenith  Diftance,  added  to  the  Declination,  gives 
the  Latitude  of  the  Place  of  Obiervation  ;  and  of  the  fame  Name  the 
Declination  is  of,  whether  North  or  South. 

2dly.  When  the  Zenith  Diftance  and  Declination  are  of  the  fame 
Name  ;  that  is,  when  the  Sun  or  Star  comes  to  the  Meridian  in  the 
North,  and  hath  North  Declination  ;  or  to  the  South,  and  hath 
South  Declination,  fubtracl  the  LefTer  from  the  Greater,  and  the 
Remainder  is  the  Latitude;  and  to  know  whether  it  is  North  or 
South  obferve  this  general  Rule. 

When  the  Declination  is  greater  than  the  Zenith  Diftance,  the 
Latitude  is  of  the  fame  Name  with  the  Declination  ;  but  if  lefs,  of  a 
contrary  Name. 

Note  rft.  When  the  Sun  or  Star  is  on  the  Equator,  or  hath  no 
Declination,  the  Zenith  Diftance  is  the  Latitude  of  the  Place,  and 
of  a  contrary  Name  to  the  Zenith  Diftance. 

2dly.  When  the  Sun  or  Star  is  in  the  Zenith,  the  Declination  is 
the  Latitude,  and  of  the  fame  Name  as  the  Declination  is  of :  For  it 
is  evident,  that  as  they  are  equally  diftant  from  the  Equator,  and 
on  the  fame  Side  of  it,  confequently  if  the  Declination  be  North,  the 
Latitude  will  be  alfo  North,  and  if  South,  South. 


EXAM- 
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EXAMPLE  I. 

Being  at  Sea  the  27th  of  May, 
1774,  the  Sun’s  Meridian  Altitude 
was  found  to  be  570  35',  and  it  was 
South  of  me  ;  what  Latitude  was  I 


in  ? 

90° 

00' 

Meridian  Altitude 

57 

35 

Zenith  Diftance 

32 

23  S. 

Sun’sDed.  in  Table  fori 
May  27  is  1 

►  21 

2  iN. 

Lat.  in 

53 

46  N. 

EXAMPLE  II. 

Being  at  Sea  the  24th  of  July, 
1775,  the  Meridian  Altitude  of  the 
Sun  was  27 0  13',  being  North  of 
me  ;  required  the  Latitude  in  ? 

90°  00' 

Mer.  Alt.  27  13N. 


Zenith  Did. 

62 

47N. 

Sun’sDecl.  in  Table  for 

? 

July  24th. 

)  *9 

55N. 

Lat.  in 

42 

52S. 

EXAMPLE  III. 

Being  at  Sea  i^th  of  January, 
1773,  the  Sun’s  Meridian  Altitude 
was  found  720  17'  N,  What  was 
the  Latitude  of  the  Place  of  Obferva- 


tion  f 

Mer.  Alt. 

90" 

72 

bo' 

17N. 

Zen.  Dili. 
Declination 

18 

23 

43^. 

17  S. 

The  Lat.  in 

4 

34N. 

In  this  Cafe  it  is  plain  that  the 
Obferver  was  between  the  Sun  and 
the  Equator. 


EXAMPLE  IV. 

Being  at  Sea  the  4th  of  May, 
1774,  I  obferved  the  bright  Star 
romelhaut  27?  21'  above  the  Ho¬ 
rizon  of  the  Sea,  and  it  was  North 
of  me  ;  required  the  Latitude  in  ? 


Mer.  Alt. 

900 

00' 

27 

21 

Zen.  Did. 
Fomelhaut’s 

Deal  P.Tab.  30 

39N. 

50  S. 

The  Lat.  in 

21 

49  S. 

The  foregoing  Rules  are  for  obferving  by  the  Sun  or  Stars  when 
they  are  at  their  greateft  Altitude,  or  upon  the  Meridian  above  the 
Pole;  but  as  in  fome  Parts  of  the  Earth  the  Sun  doesnot  fet  for  feve 
ral  Days, and  fome  Stars  neverfet,in  thatCafe  they  may  be  obferved 
upon  the  Meridian  twice  in  the  twenty-four  Hours,  that  is  once 
at  their  greateft  height  as  before,  and  again  when  they  are  *at  the 
loweft  ;  or  upon  the  Meridian  below  the  Pole,  to  work  which  Ob 
iervations  take  the  following  Rule. 

Rule.  Add  the  Complement  of  the  Declination  to  the  Meri¬ 
dian  Altitude,  the  Sum  is  the  Latitude  of  the  fame  Name  with  the 
Declination.  c 


example  V. 


At  Sea  I  took  the  Altitude  of  the  North  Pole 
Meridian  below  the  Pole,  and  found  it  46 
Latitude  ?  * 


Star,  when  on  the 
0  2l'  required  the 


The 
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The  Meridian  Altitude  46°  2i'N. 

Com.  Declination  -  1  55 

The  Lat.  in  -  48  16  N, 


In  the  following  Examples  the  Corrections  for  Dip  Refraction 
are  introduced. 


EXAMPLE  VI. 

By  a  fore  Obfervation  the  Alti¬ 
tude  of  the  Sun’s  lower  Edge  was 
found  by  Hadley’s  Quadrant  to  be 
40°  20'  S.  when  his  Declination 
was  90  56'  N.  the  Eye  being  3c  Feet 
above  the  Horizon. 

Required  the  Latitude  of  the  Place. 
Obf.Alt.Sun’s  lowerEdge  40°  2o'S. 
Semidiam.  to  be  added  o  16 


App.  Alt.  Sun’s  Center 

40 

36 

Dip.  of  Hor.  to  be  Subtr. 

0 

°<r 

’App.  Alt.  Cor.  by  the  Dip 

40 

31 

Refrafl.  to  be  Subtr. 

0 

01 

True  Alt.  of  Sun’s  Center 

40 

3° 

True  Zenith  Diftance 

49 

3°  S- 

Declination 

9 

56N, 

Latitude 

59 

26N, 

EXAMPLE  VII. 


By  a  back  Obfervation  with 
Hadley’s  Quadrant,  the  apparent 
Altitude  of  the  Sun’s  lower  Edge 
was  2  50  1 2'  S.  when  his  Declina¬ 
tion  was  210  14'  S.  and  the  Eye  40 
Feet  above  the  Horizon.  In  what 
Latitude  was  the  Obfervation  made  r 
Obf.Alt.Sun’s  lowerEdge  25 0  iz'S. 

Semidiam.  to  be  Subtr.  _ i6_ 

App.  Alt.  Sun’s  Center  24  50 

Dip  of  Hor.  to  be  added  0  06 

App.Alt.Cor.  by  the  Dip  25  02 

Refradl.  to  be  Subtr.  o  02 

TrueAlt.  of  Sun’s  Center  25 _ 00 

True  Zenith  Distance  65  cc  S. 
Declination  21  '4^ 

Latitade  43  46N. 


EXAMPLE  VIII. 

Suppofe  the  Eye  of  an  Ofcferver 
at  Feet  above  the  Water  fnould 
with  Hadley’s  Quadrant,  by  a 
fore  Obfervation,  find  the  Altitude 
of  Sirius  530  35'  S.  when  it  parted 
the  Meridian,  having  before  Hand 
fet  his  Watch,  and  found  the  Time 
of  Sirius’s  Partage  ;  required  the  La¬ 
titude  of  the  Place  of  Obfervation  ? 


Obi".  Alt.  of  Sirius  550 

3  S' 

00'  N. 

Dip.ofHor.tobe  fub.  0 

°S 

39 

Ap. Alt. above  Hor.  5  3 

29 

21 

Refrafl.  to  be  fub.  0 

00 

42 

True  Alt.  of  Sirius  53 

28 

39 

True  Zen.  Did.  36 

31 

21  S. 

Sirius  Dedinat.  16 

24 

42  S. 

Latitude  20 

c6 

39  N- 

EXAMPLE  IX. 

Suppofe  on  the  12th  of  June, 
1776,  an  Obferver  in  an  high 
Northern  Latitude,  and  65°  to  the 
Weft  of  London,  his  Eye  being 
28  Feet  high,  obferved  the  Alti¬ 
tude  of  the  Sun's  lower  Limb  on 
the  Meridian  below  the  Pole,  to  be 
S°  15'  North  by  a  fore  Obfervation 
with  a  Hadley’s  Quadrant ;  requir¬ 
ed  the  Latitude  ? 

The  Sun  being  obferved  below 
the  Pole,  it  muft  have  been  at  iz 
Hours  paftNoon,  at  the  Place  of 
Obfervation,  and  that  Place  being 
65°  Weft  of  London  =  4  Hours 
20  Minutes  later  than  at  London, 

there- 
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therefore  it  muft  have  been  1 6  Hours 
20  Minutes  paft  Noon  at  London. 

Jur.e  12th,  1776,  the  Sun’s  De¬ 
clination  230  1  3' North,  the  Daily 
Variation  is  3  Minutes,  and  24  H. 
3#  :  :  i6h.  20m. :  2'  10",  which  added 
to  230  13'  (becaufe  the  Declination 
is  increafing)  gives  230  15'  to",  the 
Sun’s  Declination  at  the  Time  of 
Obfervation. 


App.  Alt.Sun’slowerLimb  8°  i^N* 
Semi-diam.  added  16 


App.  Alt.  Sun’s  Centre 

8 

3 1 

Dip  of  Hor.  fub. 

5 

Sun’s  Alt.  Cor.  by  Dip 

8 

26 

Refrac.  fub. 

6 

True  Alt.  Sun’s  Centre 

8 

20 

Comp.  Sun’s  Decl. 

66 

45 

Lat,  in  7;  1 ;  N. 


Having  in  the  foregoing  Examples  exhibited  the  Method  of  find¬ 
ing  the  Latitude  by  the  Meridian  Altitude  of  the  Sun  or  Star,  yet, 
as  it  often  happens,  that  in  coming  in  with  the  Land  at  Night,  the 
Mariner  would  gladly  find  his  Latitude  without  waiting  for  the 
Star’s  being  upon  the  Meridian  ;  for  which  Purpofe  I  lhall  fliew 
how  to  find  the  Latitude  by  the  Table  of  the  Pole  Star  at  any  Hour 
of  the  Night. 


Rule.  Having  taken  the  Altitude  of  the  Star, 
and  noted  the  Time  of  Obfervation  by  your 
Watch  (kept  as  true  as  may  be),  correft  it  by  the 
Refraftion  and  Dip  of  the  Horizon.  This  done, 
the  next  Thing  is  to  find  the  Time  of  the  Star’s 
being  on  the  Meridian  above  the  Pole. 

If  the  Time  of  Obfervation  be  not  more  than  6 
Hours  diftant  from  the  Time  jull  found  (of  the 
Star  being  on  the  Meridian  above  the  Pole),  the 
Diftance  of  Time  will,  in  the  Table,  give  the  De¬ 
grees  and  Minutes  to  be  fubtrafted  from  the  true 
Altitude  of  the  Star  for  the  Altitude  of  the  Pole, 
or  Latitude  of  the  Place.  But  if  the  Time  of  Ob¬ 
servation  be  more  than  6  Hours  diftant  from  the 
Meridian,  it  may  be  obferved  that,  about  12 
Hours  before  the  Star  is  on  the  Meridian  above 
the  Pole,  it  was,  and  will  be  again,  about  12 
Hours  after,  on  the  Meridian  below  the  Pole. 
Then  enter  the  Table  with  the  Diftance  of  the 
Time  of  Obfervation  from  the  Time  of  the  Star’s 
tranfiting  the  Meridian  below  the  Pole,  and  you 
will  fee  the  Degrees  and  Minutes  to  be  added  to 
the  Latitude  required. 

N.  B.  The  nearer  the  Star  is  to  being  on  the 
Meridian,  the  more  accurate  will  the  Latitude  be 
found. 


A 

Table  for  the 
North  Star. 

Time  the  Star 
is  diftant  from 
the  Meridian. 

Star  above  of 
below  the 
Pole. 

H. 

M. 

0 

OO 

J  c 

56' 

0 

»5 

1 

56 

0 

3° 

I 

55 

0 

45 

1 

54 

1 

00 

I 

52 

1 

>5 

I 

5° 

I 

30 

I 

47 

1 

45. 

I 

44 

2 

00 

I 

40 

2 

1 5 

I 

36 

2 

2° 

I 

32 

2 

45 

I 

27 

3 

00 

I 

22 

3 

15 

1 

l7 

3 

3° 

I 

it 

3 

45 

1 

5 

4 

00 

0 

58 

4 

J5 

0 

5 1 

4 

3° 

0 

44 

4 

45 

0 

37 

5 

00 

0 

30 

5 

15 

0 

22 

5 

3° 

0 

J5 

5 

45 

0 

7 

6 

OO 

0 

0 

2 
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E  P  A  M  P  L  E. 

Suppofe  the  Altitude  of  the  North  Star  was  taken  at  Sea  the  3d 
of  December,  at  8  at  Night,  and  found  (Refra&ion  and  Dip  of  the 
Horizon  being  allowed)  to  be  52  Degrees  10  Minutes  ;  what  Latitude 
was  the  Ship  in  ? 


•  * 

H. 

M. 

The  Right  Afcenfion  of  the  Star 

0 

46 

Add 

24 

p 

24 

46 

Sun’s  Right  Afcenfion  fubtiac.1 

16 

39 

The  Star  is  on  the  Merid.  above  the  Pole  at 

8 

7  in  the 

Time  of  Observation 

8 

0 

Time  diftant  from  the  Meridian 

0 

7 

Hence  from  the  Altitude  of  the  Star 

52° 

1  o'  N. 

Subtra£t  as  by  the  Table 

1 

56 

Remains  the  Latitude  required 

50 

14  N. 

But  if  the  Time  of  Observation  had  been  4  o’Clock  in  the  Morn¬ 
ing,  that  Time  is  more  than  6  Hours  hi  Slant  from  the  Time  of 
tranfiting  the  Meridian  above  the  Pole  ;  therefore  we  muft  confider, 
that,  as  it  was  on  the  Meridian  above  the  Pole  at  8  Hours  y  Minutes 
at  Night,  it  muft  have  been  on  the  Meridian  below  the  Pole  about  8 
Hours  7  Minutes  in  the  Morning;  and  therefore  Subtracting  the 
Time  of  Observation  4  Hours,  the  Diftance  of  Time  from  the  Me¬ 
ridian  below  the  Pole  is  4  Hours  7  Minutes,  which,  in  the  Table, 
gives  o  Degrees  55  Minutes ;  which,  added  to  52  Degrees  10  Mi¬ 
nutes,  gives  the  Latitude  53  Degrees  5  Minutes  North. 


Of 
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Of  the  Variation  of  the  Compafs. 

THE  Variation  of  the  Compafs  is  an  Arch  of  the  Horizon  con¬ 
tained  between  the  Meridian  of  the  Place  and  the  Magnetic 
Meridian,  and  is  either  Eaft  or  Weft ;  or  it  is  the  Number  of  Degrees, 
&c.  The  Needle’s  Point  ftands  from  the  true  North  or  South 
Points  of  the  Horizon,  reckoned  to  the  Eaftward  or  Weftward,  and 
is  readily  found  either  from  the  Sun’s  Amplitude  or  Azimuth. 

-  To  find  the  Amplitude. 

The  Sun’s  true  Amplitude  is  an  Arch  of  the  Horizon  compre¬ 
hended  between  the  true  Eaft  or  Weft  Points  thereof,  and  the  Centre 
of  the  Sun  at  his  Rifing  or  Setting  ;  or  it  is  the  Number  of  Degrees, 
&c.  The  Sun  rifes  or  fets  to  the  Northward  or  Southward  of  the 
Eaft  or  Weft  Points  of  the  Horizon. 

The  Sun’s  magnetic  Amplitude  is  the  Number  of  Degrees,  &c. 
his  Centre  is  Northward  or  Southward  of  the  Eaft  or  Weft  Points 
of  the  Compafs  at  his  Rifing  or  Setting,  and  is  found  by  obferving 
the  Sun  at  his  Rifing  or  Setting  with  an  Azimuth  Compafs. 

To  find  the  Variation  of  the  Compafs  by  an  Amplitude,  you  muft 
have  the  Latitude  of  the  Place,  the  Declination  of  the  Qbjett,  and 
the  magnetic  Amplitude  given. 

The  true  Amplitude  is  found  either  by  Infpecfion  in  the  Tables 
of  the  Sun’s  Amplitude,  or  by  Calculation  as  follows  : 

As  the  Sine  Complement  of  the  Latitude 
Is  to  Radius, 

So  is  the  Sine  of  the  Sun  or  Star’s  Declination 
To  the  Sine  of  the  true  Amplitude  ; 

Which  is  always  of  the  fame  Name  with  the  Declination,  whether 
North  or  South;  or 

To  the  Arithmetical  Complement  of  the  Sine  Complement  of 
the  Latitude  add  the  Sine  of  the  Sun’s  Declination,  and  that  Sum 
will  be  the  Log.  of  the  Sine  of  the  true  Amplitude. 

Note.  The  Arithmetical  Complement  of  the  Co-Sine  of  any 
Arch  is  always  equal  to  the  Secant  of  that  Arch,  throwing  away  Ra¬ 
dius,  or  neglefting  one,  which  ftands  the  firft  Figure  in  the  Secant’s 
Index  ;  likewife  the  Arithmetical  Complement  of  the  Sine  of  any 
Arch,  is  the  Co-Secant  of  that  Arch  lefs  Radius,  or  the  firft  Figure  of 
its  Index  :  Wherefore,  the  Arithmetical  Complement  of  the  Sine  or 
Co-Sine  of  any  Arch  is  found  in  the  Table  of  Secants  by  Infpedtion, 
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EXAMPLE  E 

On  the  20th  of  October,  1777,  in  Latitude  510  32'  N.  I  de¬ 
mand  the  true  Amplitude  ? 

As SineCom.  Lat.  510  ->7.'  0.70:83  Or  to  Ar. Com.  Sine  Co.  1  , 

Is  to  Radius  -  io.oooco  Lat.  5^3'  {0.20617 

SoisSi.Sun’sDec.io°i2'S.  9.26109  Add  Sine  Sun’s  Declina-  /  , 

-  - -  tion  10.32  b.  5  g. 26199 

To  Si.  of  true  Amp.  1 70  5'  9.46816  - 

Sine  of  the  true  Amp-  )  ,p  0 
17.5  s.  F  [9-46818 

Which  is  South  becaufe  the  De¬ 
clination  is  South. 

EXAMPLE  II. 

In  Latitude  38°  25'  N.  what  is  the  Sun’s  true  Amplitude  when 
the  Declination  is  i8°  59'  N. 

As  Sine  Com. L3t.  38°  25'  9.8940;  Or  to  Ar.  Comp.  Sine  7  .  „ 

Is  to  Radius  io.ocooo  Co.  Lat.  38°  25' N.  0-1059; 

So  is  Sun’s  Dedi.  1S.59  9.51227  AddSineDeclin.  180  59'  9.51227 

ToSun’s  trueAmp.  240  32'9. 61822  Gives  Sine  true  Ampl.  7  r  « 

—  -  24°  32'  P  }  9  6>8a2 

Which  is  North,  becaufe  his  De¬ 
clination  is  North. 

To  find  the  tnje  Azimuth. 

The  true  Azimuth  is  an  Arch  of  the  Horizon,  contained  be* 
tween  the  Meridian  of  the  Place  and  the  Azimuth  Circle  paffing 
through  the  Center  of  the  Sun  or  Star  at  the  Time  of  Obfervation, 
or  it  is  the  true  Diftance  of  the  Sun  or  Star,  from  the  true  North  and 
South  Points  of  the  Compafs. 

The  Magnetic  Azimuth  is  an  Arch  of  the  Horizon  contained  be¬ 
tween  the  Magnetic  Meridian,  and  the  Azimuth  Circle,  paffing 
through  the  Center  of  the  Sun  or  Star  when  obferved  ;  or  it  is  the 
apparent  Diftance  of  the  Sun  or  Star,  from  the  North  or  South 
Points  of  the  Compafs,  either  in  the  Forenoon  or  in  the  Afternoon 
when  they  are  50,  io°,  15°,  &c.  above  tire  Horizon,  and  the  lefs 
the  Altitude  is,  the  more  exact  you  may  perform  the  Ob¬ 
fervation. 

Having  the  Latitude  of  the  Place  of  Obfervation,  and  the  Sun  or 
Star’s  Declination,  with  the  Altitude  at  the  Time  of  Obfervation, 
the  true  Azimuth  is  found  as  follows. 


Add 
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Add  the  Complement  of  the  Latitude,  the  Complement  of  the  Al¬ 
titude,  and  the  Sun  or  Star’s  Polar  Diftance  into  one  Sum  :  from 
Half  that  Sum  fubtracft  the  Polar  Diftance,  and  note  the  Half  Sum 
and  the  Remainder,  but  if  the  Half  Sum  be  lefs  than  the  Polar 
Diftance,  then  fubtraft  it  from  the  Polar  Diftance,  and  the  Differ-? 
jence  call  the  Remainder.  Then  add  together,  ■ 

The  Arithmetical  Comp,  of  the  Co-fine  of  the  Latitude, 

The  Arithmetical  Comp,  of  the  Co-fine  of  the  Altitude, 

The  Sine  of  the  Half  Sum, 

And  the  Sine  of  the  Remainder  into  one  Sum. 

Half  the  Sum  of  thefe  four  Logarithms  will  give,  the  Co-fine  of 
Half  the  true  Azimuth,  which  being  doubled,  gives  the  true 
Azimuth,  reckoned  from  the  North  in  North  Lat.  and  from  the 
South  in  South  Latitude. 

N.  B.  The  Polar  Diftance  of  the  Sun  or  Star,  is  their  Diftance 
from  the  neareft,  or  elevated  Pole,  and  if  the  Latitude  of  the  Place, 
and  the  Declination  of  the  Sun  or  Star,  be  both  North  or  both 
South,  then  the  Complement  of  the  Declination  is  the  Polar  Dif- 
tance  ;  but  if  the  Latitude  and  Declination  be  one  North,  and 
the  other  South,  the  Declination  added  to  90°  gives  the  Polar 
Diftance. 

EXAMPLE  I. 


In  Latitude  430  39'  N.  the  Sun’s  Altitude  is  obferved  111  be  39® 
28'  his  Declination  being  then  160  37'  North,  required  his 
Azimuth  ? 


Comp.  Lat. 

46 

21 

Comp.  Alt. 

5° 

32 

Polar  Dift. 

73 

23 

Sum 

17°q 

16' 

Half  Sum 

% 

8 

Sub.Po.Dift 

•73 

23 

Remainder 

1 1 

45 

Arithm.Comp.Co-fine  Lat.  4317  39'  0.14052 
Arithm.Comp.Co-fineAltitude  39  28  011239 

Sine  Half  Sum  — —  85  08  9.99843 

Sine  Remainder  — —  u  45  9.30887 

Sum  of  the  fourth  Logarithms  19  56021 

Half  the  Sum  Co-fine  52°  56'  9.78010 

And  520  56'  doubled  gives  105°  53'  for  the 
Sun’s  trueAzimuth  to  be  reckoned  from  theNorth. 


EXAMPLE  II. 


In  Latitude  42°  16'  N.  the  Sun’s  Altitude  is  obferved  to 
be  390  28',  his  Declination  being  then  160  37/  N.  required  his 
Azimuth  ?  1 


Comp.’ 
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Comp.  Lat. 

47° 

44' 

Comp.  Alt. 

7 1 

20 

Polar  Dift. 

97 

3« 

Sum 

216 

42 

Half  Sum 

108 

2 1 

Sub. Po. Dift. 

97 

33 

Remainder 

10 

43 

Arith.Comp.oftheCo-fineLat.  420  16'  0.13075 
Arith.Comp.oftheCo-fineAlt.  18  40  00234.7 
Sine  ofthe  Half  Sum  jo8  21  9-9773  + 

Sine  of  the  Remainder  10  43  9.26940 

Sum  of  the  four  Logarithms  19.40096 

Half  the  Sum  is  equal  toCofine  59°  53'  970048 

And  59°  53'  doubled  gives  1 19°  46' for  the  Sun’s 
true  Azimuth  to  De  reckoned  from  the  North. 


Having  found  the  Sun’s  true  Amplitude,  or  Azimuth,  by  the 
preceding  Methods,  &c.  Magnetic  Amplitude  or  Azimuth  by 
Obfervation,  it  is  evident,  that  when  they  agree  there  is  no  Variation, 
but  when  they  difagree,  then,  if  the  true  and  obferved  Amplitudes 
be  both  of  the  fame  Name ;  that  is,  both  North  or  both  South, 
their  Difference  is  the  Variation,  but  if  the  true  and  obferved  Am¬ 
plitudes  be  of  different  Names  ;  that  is,  one  North  and  the  other 
South,  their  Sum  is  the  Variation  ;  again,  if  the  true  and  obferved 
Azimuths  be  both  on  the  Eaft,  or  both  on  the  Weft  Side  of  the 
Meridian,  their  Difference  is  the  Variation ;  but,  if  the  true  ?,nd 
obferved  Azimuth  be  one  on  the  Eaft,  and  one  on  the  Weft  Side 
of  the  Meridian,  their  Sum  gives  the  Variation  ;  and  to  know 
whether  the  Variation  is  Eafterly  or  Wefterly,  obferve  this  general 
Rule,  viz. 

Let  the  Obferver’s  Face  be  turned  to  the  Sun,  then,  if  the  true 
Amplitude  or  Azimuth  be  to  the  Pught  Hand  of  the  Mag¬ 
netic,  or  obferved,  the  Variation  is  Eafterly,  but  if  the  left  Hand, 
Wefterly. 


EXAMPLE  I.  EXAMPLE  II. 


Suppofe  the  Sun’s  true  Amplitude 
at  Rifing  is  found  to  be  E.  140 
20'  N.  but  by  the  Compafs  it  is 
found  to  be  E.  26°  12'  N.  requir¬ 
ed  the  Variation  r 
From  the  greater  E.  26°  i2'N. 

Take  the  leffer  E.  14  20  M. 


Remains  the  Variation  11  52  E. 

Which  is  Eafierly,  becaufe  in  this 
Cafe  the  true  Amplitude  is  to  the 
right  of  the  obferved. 


Suppofe  the  Sun’s  true  Amplitude 
at  Setting  be  W.  340  26'  S.  and 
his  Magnetic  Amplitude  W.  230 
13' S.  required  the  Variation  r  fince 
they  are  both  of  the  fame  Name? 
From  the  greater  W.  340  26' S. 

Take  the  leffer  W.  23  13  S. 

Remains  theVariation  11  13W. 

which  is  Wefterly,  becaufe  the  true 
amplitude  is  to  the  left  of  the  ob¬ 
ferved  in  this  Cafe. 


EXAMPLE 
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EXAMPLE  III. 

Suppofe  the  Sun’s  true  Ampli¬ 
tude  at  Rifii'g  is  E.  130  24/  N. 
and  his  Magnetic  Amplitude  E. 
120  32'  S.  required  the  Variation 
and  which  Way  f 

Since  the  true  Amplitude  and 
obferved  have  different  Names. 

To  the  true  Amplitude  E.130  z./N. 
Add  theMagneticAmp.  E  1 2  32S. 

TheSum  is  theVariation  25  56W. 

which  is  Wefterly,  becaufe  the  true 
Amplitude  is  to  the  left  of  the  ob¬ 
ferved. 


EXAMPLE  V. 

Suppofe  the  Sun’s  true  Azimuth 
is  N.  320  28'  Eafterly,  and  his  Mag¬ 
netic  Azimuth  N.  8°.  50'  Weft,  re¬ 
quired  the  Variation,  and  which 
Way  f 

Since  they  are  on  the  different 
Sides  of  the  Meridian. 

To  the  true  Azimuth  N.  320  28'  E. 
Add  the  Mag.  Azm.  N.  8  pW. 

Sum  is  the  Variation  41  18  E. 

Which  is  Eafterly,  becaufe  the 
true  Azimuth  is  to  the  Right  of  the 
obferved. 


EXAMPLE  IV. 

Suppofe  the  Sun’s  true  Azimuth 
in  the  Forenoon  is  N.  86°  4</Eafter- 
ly,  but  by  the  Compafs  it  is  N. 
730  24'  Eafterly,  required  the  Va¬ 
riation,  and  which  Way  ? 

Since  the  true  and  obferved  Azi¬ 
muths  are  both  on  the  fame  Side  of 
the  Meridian. 

From  the  greater  N.  86°  40T. 

Take  the  leffer  N.  73  24  E. 

Remainder  Variation  13  i6E. 

Which  is  Eafterly  becaufe  the  true 
Azimuth  is  to  the  Right  of  the  ob¬ 
ferved. 

EXAMPLE  VI. 

Suppofe  the  Sun’s  true  Azimuth 
S.  1 70  43'  E.  and  the  Magne¬ 
tic  Azimuth  S.  5 0  48' Weft,  re¬ 
quired  the  Variation,  and  which 
Way  ? 

Since  they  are  on  different  Sides 
of  the  Meridian. 

To  the  true  Azimuth  S.  170  45'  E. 
Add  the  obferved  Az.  S.  5  48  W. 

Sum  is  the  Variation  23  33  E. 

Which  is  Eaft,  becaufe  the  true 
Azimuth  is  to  the  Right  of  the  ob¬ 
ferved. 


The  Ufe  of  the  Variation  is  to  corre£l  the  Courfe  fleered  by  the 
Compafs  *,  when  the  Variation  is  Eaft  it  muft  be  allowed  to  the 
Right  Hand  upon  every  Courfe  fleered  quite  round  the  Compafs: 
but  when  the  Variation  is  Weft,  to  the  Left  Hand. 

Note..  The  Variation  may  be  eafily  found  by  taking  the  Sun’s 
Altitude  in  the  Morning,  and  obferving  what  Point  of  the  Compafs 
he  bears  upon ;  and  in  the  Afternoon  when  the  Altitude  is  the 
fame,  the  middle  Point  will  be  the  true  Meridian,  the  Difference 
between  which  and  the  North  or  South  Points  of  the  Compafs  is 
the  Variation.  If  the  Altitudes  are  taken  at  5,  6,  or  7  o’clock  m 
the  Morning,  you  will  have  the  fame  Altitude  at  5,  6,  or  7  o’Clock 
in  the  Evening,  being  equally  diftant  from  Noon. 

The  Variation  of  the  Compafs  was  firft  obferved  at  London,  in 
the  1  ear  1580,  to  be  110  15'  Eafterly;  and  in  the  Year  1622,  it 

was 
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was  6°  o'  E.  ftill  decreafing,  and  the  Needle  approaching  the  true 
Meridian,  until  it  coincided  with  it  in  the  Year  1662,  fince  that 
Time  the  Variation  ftill  continues  at  London  to  increafe  Wefterly, 
at  the  Rate  of  about  1 1  or  12  Minutes  every  Year ;  and  is,  at  this 
Time,  about  220  30'  Wefterly,  and  in  the  Englifh  Channel  about 
230  40'  Wefterly;  but  how  far  it  will  go  that  Way  Time  and 
Obfervations  will  probably  be  the  only  Means  to  difcover. 

The  Variation  at  Paris  in  the  Year  1640,  was  30  E.  but  in  the 
Year  1681  it  was  2°  3PW.  and  is  now  about  210  20'  Wefterly, 
ftill  continuing  to  go  Wefterly. 

In  fhort,  from  Obfervations  made  in  different  Parts  of  the  World, 
it  appears,  that  in  different  Places  the  Variation  differs,  both  as  to 
its  Quantity  and  Denomination,  it  being  Eaft  in  one  Place  and  Weft 
in  another ;  the  true  Caufe  and  Theory  of  which  has  not  yet  been 
difcovered,  and  therefore  in  long  Voyages  it  is  abfolutely  necefTary 
that  the  Mariner  fhould  find  the  Variation  of  the  Compafs  by  Ob- 
fervation  as  often  as  poftible. 

To  make  an  Obfervation  with  the  Azimuth  Compafs  for  an  Amplitude. 
Move  the  Box  about  till  the  four  Cardinal  Points  coincide  with  four 
Lines  in  the  Compafs  Box,  keep  the  Box  Ready,  and  turn  the  In¬ 
dex  till  the  Center  of  the  Sun,  or  a  Star,  at  the  Pufing  or  Setting, 
when  its  lower  Edge  juft  touches  the  Horizon,  is  feen  through  both 
the  Sights,  then  the  Degrees  intercepted  between  the  North  Point 
of  the  Compafs  and  that  End  of  the  Index  pointing  to  the  Sun  or  Star, 
will  be  the  Magnetic  Amplitude. 

For  an  Azimuth. 

Set  the  Box  fo  that  the  four  Cardinal  Points  of  the  Card  ftand 
oppofite  to  the  four  Lines  in  the  Compafs  Box,  hold  the  Box  in  this 
Pofition,  and  move  the  Index,  till  the  Sights  being  dire£ted  to  the 
Sun  or  Star’s  Center,  the  Shadow  of  the  String  joining  the  Sights 
fall  dire£tly  along  the  Middle  of  the  Index ;  then  the  Degree,  &c. 
in  the  Arch  intercepted  between  the  End  of  the  Index,  next  the  Sun, 
and  North  Point  of  the  Card,  will  give  the  Magnetic  Azimuth  re¬ 
quired.  If  the  Sun  does  not  fhine  ftrong  enough  to  give  a  ftrong 
Shadow,  look  through  one  of  the  Sights,  and  move  the  Index  till 
one  of  the  Strings  cuts  the  Sun’s  Center,  and  then  the  intercepted 
Arch,  as  before,  fhews  the  Sun’s  Azimuth,  and  the  like  of  the 
Star’s. 

When  there  is  a  rough  Sea,  the  Obfervation  is  beft  made  by  two 
Perfons,  and  if  the  Card  vibrates  much,  take  the  middle  Degree  be¬ 
tween  the  Limits  which  the  Vibration  reaches. 

When  the  Azimuth  is  obferved,  the  Altitude  of  the  Obje£t  muft 
be  cbferved  at  the  fame  Time. 

This  Inftrument  is  ufeful  in  fetting  the  Ship’s  Wake  in  Order  to 
find  the  Leeway,  and  alfo  to  find  the  Bearing  of  the  Headlands,  2nd 
other  Objects. 


Of 
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Of  the  Log-Line  and  Half-Minute  Gla(s, 
and  how  to  correct  the  Diftance  given 
by  them. 

THE  Log  is  a  flat  Piece  of  Wood  like  a  Flounder,  or  of  the 
Figure  of  a  Seriior  of  a  Circle,  having  its  circular  Side  loaded 
'with  Lead  fufiicient  to  make  it  fvvim  upright  in  the  Water.  To  this 
Log  is  fattened  a  long  Line  of  about  150  Fathoms,  called  the  Log- 
Line,  which  is  divided  into  certain  equal  Spaces,  called  Knots, 
each  of  which  ought  to  bear  the  fame  Proportion  to  a  Nautical  Mile 
(60  of  which  make  a  Degree)  that  Half  a  Minute  does  to  an  Hour, 
that  being  the  Time  allowed  for  the  Experiment.  They  are  called 
Knots,  becaufe  at  the  End  of  each  of  them  there  is  a  Piece  of 
Twine  with  Knots  in  it,  reeved  between  the  Strands  of  the 
Line ;  thefe  Pieces  of  Twine  {hew  how  many  Knots  run  out  in 
Half  a  Minute,  and  confequently  the  Ship’s  Rate  of  Sailing  per 
Hour. 

Mr.  Norwood,  and  feveral  other  able  Mathematicians,  have  found 
that  a  Degree  of  a  great  Circle  upon  the  Earth  contains  about 
367200  Englifh  Feet,  therefore  a  Nautical  Mile  being  the  ^  Part 
of  367200  Feet,  that  is,  6120  Feet,  and  fince  Half  a  Minute  is 
Part  of  an  Hour,  the  Length  of  a  Knot  on  the  Log-Line  ought  to 
be  the  T|-5  Part  of  6120  Feet,  or  51  Feet.  But  as  for  the  moft  Part 
the  Ship’s  Way  is  found  by  Experience  to  be  really  more  than  that 
given  by  the  Log,  and  as  it  is  fafer  to  have  the  reckoning  before  the 
Ship  than  after  it,  therefore  50  Feet  may  be  taken  as  the  proper 
Length  of  each  Knot,  and  thefe  Knots  fubdivided  into  ten  Fathoms 
each  of  5  Feet,  which  will  correfpond  with  all  the  Tables  and  In- 
ftruments  ufed  in  Navigation,  as  they  are  decimally  divided,  and 
confequently  the  Ship’s  Run  determined  with  greater  Eafe  and 
Certainty. 

The  length  of  the  Log-Line  formerly  ufed  was  divided  into 
Knots  of  42  Feet,  which  Way  of  dividing  the  Line  was  founded 
on  the  Suppofition,  that  60  Miles,  of  about  5000  Englifh  Feet,  made 
a  Degree  ;  whereas  it  is  abundantly  certain,  that  a  Degree  contains 
about  73  fuch  Miles.  It  were  therefore  to  be  wifhed,  that  no  Line 
fo  divided  were  in  Ufe,  but  very  often  Cuftom  prevails  over  Rea- 
fon ;  and  although  Mariners  find  by  Experience  this  Length  of 
the  Knots  to  be  too  Ihort,  yet  fome  of  them  rather  than  quit  the  old 
Way,  ufe  Glafies  for  Half  Minute  ones  that  run  but  24  or  25 
Seeonds,  which  is  but  corre£lir\g  one  miftake  by  another. 

The  Knots  commonly  begin  to  be  counted  at  the  Diftance  of  ro, 
12,  or  15  Fathoms  from  the  Log,  according  to  the  Largenefs  of  the 

U  Ship, 
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Ship,  that  fo  the  Log  may  be  out  of  the  Ship’s  Wake  when  it  is 
thrown  over  board  before  they  begin  to  count,  left  the  Eddies  flioukl 
fuck  the  Log  after  the  Ship,  and  for  the  more  ready  Difcoverv  of 
this  Point  of  Commencement,  there  is  commonly  faftened  at  it 
a  Piece  of  red  Rag  •,  that  Part  of  the  Line  between  the  red  Rag  and 
the  Log  is  called  the  Stray  Line. 

The  Log  and  Log-Line  being  duly  prepared  and  hove  over-board 
from  the  Poop,  or  Lee  Quart'  r,  and  the  Line  veered  out  (by.  the 
Help  of  a  Reel  which  turns  eafy,  and  about  which  it  is  wound)  as 
faft  as  the  Log  will  carry  it  away,  or  rather  as  fall  as  the  Ship  fails 
from  it,  will  lhew  how  faft  the  Ship  has  failed  in  the  given  Time, 
or  Rate  of  Sailing  per  Hour. 

The  Experiment  for  finding  the  Velocity  of  the  Ship,  is  called 
heaving  the  Log.  See  page  63. 

Care  fhould  be  taken  to  veer  out  the  Line  as  faft  as  the  Log 
takes  it,  for  if  the  Log  is  left  to  turn  the  Reel  of  itfelf,  the  Log 
will  come  home,  and  deceive  you  in  the  reckoning. 

In  King’s  Ships,  India  Ships,  and  fome  others,  the  Log  is  hove 
every  Hour,  but  in  Coafters,  and  thofe  ufing  fhort  Voyages,  every 
two  Hours. 

Here  the  Ship  is  fuppofed  to  move  with  equal  Velocity  between 
the  Times  of  trying  the  Experiment.  But  if  the  Gale  has  not  been 
the  fame  during  the  whole  Hour,  or  Time  between  heaving  the  Log, 
or  if -there  have  been  more  fail  fet,  or  any  handed,  that  fo  the  Ship 
has  run  more  or  lefs  in  any  Part  of  the  Hour  than  ftie  did  at  the 
Time  of  the  Experiment,  or  if  it  fhould  fall  little  or  more  Wind  at 
that  Time,  there  muft  be  Allowance  made  for  it  according  to  the 
Difcretion  of  the  Artift  :  fometimes  too  when  the  Ship  is  before  the 
Wind,  and  a  great  Sea  fetting  after  her,  it  will  bring  Home  the 
Log ;  in  fuch  Cafes  it  is  cuftomary  to  allow  one  Mile  in  ten,  and 
lefs  in  Proportion  if  the  Sea  be  not  fo  great. 

Care  fhould  alfo  be  taken  to  meafure  the  Log-Line  pretty  often, 
left  it  ftretch  and  deceive  you  in  the  Diftance. 

The  like  Regard  muft  be  had,  that  the  Half-Minute  Glafs  be 
juft  30  Seconds,  otherwife  no  Account  of  the  Ship’s  Way  can  be 
kept-,  to  prove  which,  if  there  be  no  Stop  at  Hand,  let  a  Plum¬ 
met  of  any  Form,  or  Weight,  be  faftened  to  a  Silk  String  or 
Thread,  with  a  Loop  to  hang  on  a  fmall  Pin  or  Nail  faftened  in 
any  Place,  fo  that  the  Plummet  may  fwing  freely ;  let  it  be  39 1 
Inches  from  the  End  of  the  Loop  to  the  middle  of  the  Plummet, 
and  the  Plummet  caufed  to  fwing,  each  of  thofe  Swings  will  be  a 
true  Second  of  Time,  always  counting  every  Time  it  paftes 
the  Perpendicular  let  fall  from  the  Pin,  and  every  Time  it 
pafies  from  the  Perpendicular  to  the  utmoft  Swing  will  be  a  Half- 
Second. 

How 
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How  to  correct  the  Difiances  given  ly  the  Log  Line  and  Half-Minutt 

Glajs. 

The  Diftance  given  by  the  Log  may  be  wrong  on  three  Accounts, 
viz.  by  an  Error  in  the  Glafs,  an  Error  in  the  Log-Line,  or  an  Error 
in  both  ;  for  corre£Hng  of  which  take  the  following  Rules. 

CASE  I. 

When  the  Log-Line  is  truly  divided,  and  the  Glafs  is  faulty. 

Rule.  Say,  as  the  Seconds  run  by  the  Glafs  are  to  30  Seconds, 
fo  is  the  Diftance  given  by  the  Log  to  the  true  Diftance. 

EXAMPLE  I. 

Suppofe  a  Ship  runs  at  the  Rate  of  7  i  Knots  in  the  Time  the 
Glafs  runs  out,  but  meafuring  the  Glafs  I  find  it  runs  34  Seconds, 
what  is  the  true  Rate  of  failing. 

As  34  :  30  : :  7.5  :  6.6  Miles,  the  true  Diftance  failed  in  an 
Hour. 

EXAMPLE  II. 

'  Suppofe  a  Ship  runs  at  the  Rate  of'  6  \  Knots,  but  meafuring  the 
Glafs  I  find  it  runs  only  25  Seconds,  required  the  true  Rate  of 
Sailing  ? 

As  25  :  30  ::  6.5  : 7.8  Miles  the  true  Diftance  failed  in  an  Hour. 

CASE  II. 

When  the  Glafs  is  true  and  Log-Line  faulty. 

Rule.  Say  as  50  Feet  is  to  the  Diftance  meafured  between 
Knot  and  Knot,  fo  is  the  Diftance  run  by  the  Log  to  the  true 
Diftance. 

EXAMPLE  I. 

Suppofe  a  Ship  runs  at  the  Rate  of  6  £  in  Half  a  Minute,  but 
meafuring  the  Space  between  Knot  and  Knot,  I  find  it  to  be 
56  Feet,  required  the  true  Rate  of  Sailing  ? 

As  50:56::  6.25  :  7  Miles,  the  tru*  Diftance  failed  in  an  Hour. 

EXAMPLE  II. 

Suppofe  a  Ship  runs  at  the  Rate  of  6  f  Knots  in  Half  a 
Minute,  but  meafuring  the  Space  between  Knot  and  Knot,  I  find  it 
to  be  only  44  Feet,  required  the  true  Rate  of  failing  ? 

As  50  :  44  :  :  6.5  :  5.72  Miles,  the  true  Diftance  failed  in  an 
Hour. 

V  2 
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CASE.  III. 


When  both  the  Log-Line  and  Glafs  are  faulty. 

Rule.  Multiply  thrice  the  meafured  length  of  a  Knot  by  the 
Diftance  run  by  the  Log,  the  Product  divided  by  5  Times  the 
meafured  Time  of  the  Glafs,  will  give  the  true  Difhnce  run. 

EXAMPLE. 

Suppofe  a  Ship  runs  5  Knots  of  a  Log-Line  of  45  Feet  to  a 
Knot,  while  a  Glafs  of  25  Seconds  is  running  out,  what  is  the  true 
Piate  of  Sailing. 

The  meafured  Length  of  a  Knot  -  45 

Multiplied  by  -  -  3 

Gives  thrice  the  meafured  Length  of  a  Knot  135 
Which  multiply  by  the  Diftance  run  per  Log  "5 
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And  dividing  the  Product  bv  5  Times  the  Time 
the  Glafs  runs,  that  is  5x25  =  125,  the  Quo¬ 
tient  is  5.4,  the  Number  of  Miies  the  Ship 
runs  per  Hour. 

This  Piuie  is  only  a  Compound  of  the  two 
former  fimp’e  ones,  which  is  contracted  a 
little. 

When  the  Glafs  is  faulty,  the  Log-Line  may 
be  divided  as  in  the  annexed  Table,  (hewing 
the  Length  of  the  Knots  of  the  Log-Line  to 
different  Glaffes. 


»  Seconds 
■of  Glafc 

Length  01 
Knoii  inFe-t 

'■  *4 

40 

O 

25 

4 1 

8 

26 

43 

4 

27 

43 

O 

28 

46 

8 

29 

48 

4 

30 

5° 

0 

3' 

5' 

8 

32 

53 

4 

33 

53 

O 

34. 

56 

8 

33 

58 

4 

26 

fro 

0 
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The  Method  of  Keeping  a  Journal  at  Sea. 

BY  keeping  a  Journal,  is  meant  keeping  fuch  an  Account  of 
the  Ship’s  Way,  that  the  Mariner  may  be  able  at  any  Time  to 
aicertain  the  Latitude  and  Longitude  the  Ship  is  in  ;  it  therefore 
fhould  be  the  great  Concern  of  every  Perfon  who  takes  upon  him 
the  navigating  of  Ships  to  remote  Parts,  to  be  expert  therein, 
as  the  Lives  and  Fortunes  of  fo  many  Men  are  committed  to  his 
Charge. 

When  a  Ship  is  bound  from  one  Place  to  another,  which  lies  fo 
far  from  her,  that  fhe  is  obliged  to  go  out  of  Sight  of  Land  for  any 
confidera'ble  Time,  as  from  England  to  Jamaica  ;  at  the  Time  of 
her  leaving  Sight  of  Land,  hie  is  faid  to  take  her  Departure,  and 
that  Part  of  the  Land  fhe  then  leaves  is  faid  to  be  the  Place  {he 
takes  her  Departure  from,  fuch  as  the  Land’s  End,  Lizard,  &c. 
and  at  the  Time  of  taking  fuch  Departure,  the  Captain  or  Mate  ge¬ 
nerally  takes  the  Bearing  and  Diftance  of  that  Land  (according  to 
his  Judgment)  and  fets  it  down  on  the  Logboard,  or  in  the  Log¬ 
book  againft  the  Time  it  was  taken,  thus  Land’s  End  N.  N.  E.  Dili. 
7  Leagues,  or  Lizard  N.  by  W.  Dift.  5  Leagues,  &c. 

In  the  fame  Manner  may  the  Departure  from  any  Place  be  taken, 
as  may  be  feen  in  the  firft  Day’s  Log  of  the  following  Journal, 
where  the  Log-book  is  marked  in  Columns  for  Hours,  Knots,  Fa¬ 
thoms,  Ccurfcs,  Winds,  Leeway,  Tranfaddions ;  and  under  it  the 
Columns  for  Courfcs,  Diftar.ces,  Northings  or  Southings,  Eaftings 
or  Weldings,  the  Latitude  by  Dead  Reckoning,  Latitude  byObferva- 
tion,  Meridian  Diftance,  Difference  of  Longitude,  Longitude  in,  and 
in  the  laid  Bearing  and  Diftance  of  the  Land. 

Notice  muft  be  taken,  that  in  the  Column  for  Courfe,  you  are 
always  to  fet  down  the  Ccurfe  you  have  made  by  your  Reckoning  for 
that  24.  Hours that  is,  from  the  Noon  of  the  Day  before  to  the 
Noon  of  the  Day  you  work  on,  the  Sea  Account  being  always  kept 
from  Noon  to  Noon. 

In  the  Columns  for  Diftance,  you  are  to  fet  down  the  Diftance 
made  by  your  Reckoning  for  that  24  Hours. 

In  the  Columns  of  Northing  and  Southing  you  are  to  fet  down 
the  Difference  of  Latitude  made  in  that  24  Hours,  marking  the 
Column  with  North  if  the  Difference  of  Latitude  be  North,  and 
South  if  South. 

In  the  Column  of  Eafting  or  Welding,  you  are  to  fet  down  the 
Departure  made  that  24  Hours,  marking  the  Column  with  Eaft,  if 
the  Departure  be  Eaft,  and  with  W eft  if  Wefterly. 

In  the  Column  marked  Latitude  by  D.  R.  you  are  to  fet  down 
the  Latitude  you  reckon  yourfelf  in  on  that  Day,  and  in  the  Column 
marked  Lat.  by  Ob.  you  are  to  fet  down  the  Lat.  found  by  Obfer- 

vation 
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ration,  alfo  the  Difference  ofLongitude  madeinthe  s+Flours  in  the 
Column  markedDiff.Long.  the  Longitude  in,  in  the  Column  marked 
Long,  in  •,  and  in  the  laft,  the  Bearing  and  Diftance  from  the  Land. 

The  Variation,  if  any,  muff  be  allowed  upon  all  Courfes 
fleered,  and  upon  all  Bearings  that  are  taken  by  the  Compnfs ;  that 
is,  if  it  be  Eafterly  Variation,  it  mud  be  allowed  to  the  Plight  Hand, 
if  Wefterly,  to  the  Left  of  the  Courfe  or  Bearing.  Suppofing  your- 
fe If  placed  in  the  Centre  of  the  Compafs,  and  looking  direclly  for¬ 
ward  to  the  Point  you  are  to  allow  the  Variation  upon. 


EXAMPLE. 


Suppofe  I  fleer  S.  W.  and  there  is  one  Point  Wefterly  Variation, 
then  my  true  Courfe  is  S.  W.  by  S.  or  fuppofe  I  fet  a  Point  of  Land, 
and  find  it  to  bear  by  the  Compafs  E.  S.  E.  and  I  know  there  is 
half  a  Point  Eafterlv  Variation,  then  the  true  Bearing  is  S.  E.  by 
E.  k  E. 

Lee-way  muft  be  allowed  upon  all  Courfes  fleered,  which  is  the 
Difference  between  the  Point  which  the  Ship  endeavours  to  fail  upon, 
and  the  Point  fhe  really  fails  upon,  and  is  caufed  by  the  Force  of  the 
Wind  or  Surge  of  the  Sea  when  fhe  is  clofe  hauled  or  plying  to 
Windward,  which  makes  her  fall  off  and  glide  fide-ways  from  the 
Point  of  the  Compafs  fhe  capes  at,  and  muft  be  allowed  to  be  on  the 
Right  Hand  of  the  Courfe  fleered  when  the  larboard  Tacks  are  on 
Board,  and  to  the  Left  Eland  when  the  flarboard  Tacks  are  on 
Board.  The  Allowances  that  are  generally  made  are  as  follow : 


ill.  When  a  Ship  is  clofe  hauled,  if  all  her  Sails  be  fet,  the 
Water  fmooth,  and  a  moderate  Gale  of  Wind ;  fhe  is  then  fuppoled 
to  make  little  or  no  Lee-way. 

2dly.  The  Ship  being  upon  a  Wind,  and  the  fmall  Sails  in,  allow 
one  Point  for  Lee-way. 

3dly.  The  Wind  blowing  hard,  fo  as  to  caufe  one  Top-fail  to  be 
taken  in,  allow  two  Points  for  Lee-way. 

4thly.  When  it  blows  fo  hard  that  both  Top-fails  are  taken  in, 
and  the  Sea  runs  high,  allow  then  three  Points  for  Lee-way. 

5thly.  The  Fore-fail  being  furled,  and  the  Ship  tries  under  a 
Main-fail  and  a  Mizen,  allow  four  Points  for  Lee-way ;  for  fire  then 
makes  her  Way  about  four  Points  before  the  Beam,  as  the  Sea 


Phrafe  is. 

6thly.  When  the  Ship  tries  under  the  Main-fail  only,  fhe  then 
makes  her  Way  about  three  Points  before  the  Beam,  that  is,  near 

five  Points  for  Lee-way.  ' 

ythly.  If  the  Ship  tries  under  the  Mizen  only,  her  Way  is  about 
two  Points  before  the  Beam  *,  that  is,  allow  fix  Points  for  Lee-way. 
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8thly.  "When  Ihe  lies  a  Hull,  that  is,  with  all  her  fails  furled,  her 
Way  is  one  Point  before  the  Beam,  and  then  feven  Points  is  her 
Lee-way. 

gthly.  When  a  Ship  is  lying-to  under  a  Main-fail,  Mizen,  &c. 
then  obferve  how  {he  comes  up  and  falls  off,  and  take  the  Middle 
between  the  two  Points,  and  from  that  allow  the  Lee-way  and  Va¬ 
riation. 

Note.  In  all  Cafes,  RefpeCt  mull  be  had  to  the  Smoothnefs  of 
the  Water,  or  the  Sea’s  running  high,  the  Mould  and  Trim  of  the 
Ship,  and  then  the  Allowances  may  be  rectified  with  the  greater 
Certainty,  by  fetting  the  Ship’s  Wake  by  a  Compafs  placed  on  each 
Rail  of  the  Ship’s  Quarter,  which  is  ufually  fet  there  for  that  Pur- 
pofe. 

For  it  is  well  known,  that  fome  Ship’s  with  the  fame  Quantity  of 
Sail,  and  with  the  fame  Gale,  will  make  more  or  lefs  Lee-way  than 
others  ;  and  alfo  the  fame  Ship,  when  fhe  is  out  of  her  Trim,  or 
differently  loaded,  will  make  different  Lee-ways  ;  for  it  is  obfervable, 
that  the  more  Water  a  Ship  draws,  the  lefs  Lee-way  fhe  makes  ;  be- 
caufe  fhe  then  meets  with  a  greater  Piefiftance  in  fplitting  the  Water 
with  her  Side,  than  otherwife  fhe  would. 

The  Lee-way  may  be  eafily  found  by  the  Azimuth  Compafs,  by 
turning  the  Inftrument  about  until  you  fee  the  Wake  of  the  Ship 
either  over  the  Sights,  or  parallel  to  them  ;  then  the  Point  of  the 
Card,  which  is  cut  by  the  vertical  Line  in  the  Box,  which  is  neareft 
to  you,  is  the  true  Courfe ;  the  Difference  between  that  and  the 
Courfe  given  by  the  Compafs  in  the  Bittacle,  is  the  Lee-way  re¬ 
quired,  which  ought  to  be  accordingly  entered  upon  the  Log- 
board.  6 

There  is  another  Way  of  finding  the  Lee-way,  by  fixing  a  Com¬ 
pafs  cut  in  Lead  (or  in  other.  Metal)  on  the  Poop,  or  fome  other  con¬ 
venient  Part  of  the  Ship’s  Stern,  with  the  Meridian  Parallel  to  the 
Ship’s  Side,  and  in  the  Centre  a  Pin  is  fixed,  to  which  is  faftened 
a  fmall  Line  of  a  good  Length,  with  a  Piece  of  Wood  at  the  End  of 
it,  that  it  may  be  dragged  after  the  Ship.  The  Point  or  Degree  cut 
by  this  Line  will  {hew  the  Lee-way ;  if  it  cuts  the  Meridian  the  Ship 
makes  no  Lee-way ;  but  if  it  docs  not,  the  Difference  between  the 
Meridian  and  where  it  cuts  is  the  Lee-way. 

By  fome  of  the  above  Methods  the  Lee-way  (if  there  be  any) 
ought  to  be  carefully  obferved  as  often  as  may  be  judged  neceffary ; 
and  thefe  Observations  fliould  be  punctually  fet  down  by  the  Officer 
of  the  refpe&ive  Watch ;  at  leaft,  if  no  Obfervation  be  made,  he 
ought  to  fet  down  the  Lee-way  according  to  his  Judgment  once  or 
twice  in  the  Watch,  and  by  this  Means  the  Courfe  made  good  may 
be  found  to  a  much  greater  Certainty  and  ExaClnefs  than  by  the 
common  Method  of  allowing  for  Lee-way,  when  the  Day’s  Account 
comestobe  worked,  (which  is  generally  once  in  twenty-four  Hours :) 

For 
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For  an  Obfervation  muft  certainly  be  better  than  any  Guefs  ;  tut  if 
no  Obfervation  be  made,  the  Perfon  who  is  upon  Deck,  and  has  the 
Care  of  the  Watch,  is  better  able  to  make  proper  Allowances,  while 
Things  are  frefh  in  his  Memory,  and  while  he  is  an  Eye  Witnefs  of 
the  feveral  Accidents  that  happen,  and  certainly  much  more  capable 
than  another  who  was  not  upon  Deck  during  the  whole  Watch. 

I  have  often  admired  to  fee  how  particularly  every  Thing  is  fhted 
upon  the  Log-board,  excepting  the  Lee-way  ;  and  yet  that  (which  is 
one  of  the  moil  material  Articles,  fince  the  Courfe,  according  to  the 
Compafs,  muft  be  corredfted  by  it,)  only  allowed  for  the  next  Day, 
according  to  every  one’s  Fancy,  thereby,  as  it  were,  keeping  as  many 
different  Journals  as  there  are  Artifts  (fo  called)  on  board  the  Ship, 
and  yet  not  one  regular  Journal  properly  amongft  them  all,  fince  one 
of  the  moil  material  Articles  is  only  gueffed  at. 

EXAMPLE  I. 

Suppofe  I  fleer  N.  E.  by  E.  with  my  larboard  Tacks  on  board, 
and  make  one  Point  Lee-way,  then  my'  Courfe  made  good  is 
E.  N.  E. 

Lee-way  and  Variation,  when  they  are  both  to  be  allowed  one 
Way,  that  is,  both  to  the  Right  Hand,  or  both  to  the  Left,  add  them 
together,  and  allow'  theirSum  the  fame  Way  they  were  to  be  allowed. 

But  if  they  are  to  be  allowed,  one  to  the  Right  Hand,  and  the 
Other  to  the  Left,  fubtracl  the  Lefs  from  the  Greater,  and  allow  die 
Remainder  the  fame  Way  the  Greater  was  to  be  allowed. 

EXAMPLE  II. 

Suppofe  I  fleer  N.  N.  W.  with  my  ftarboafd  Tacks  on  board,  and 
make  one  Point  Lee-way,  there  being  at  the  fame  Time  half  a  Point 
Wefterly  Variation  ;  I  would  know  my  true  Courfe  r 

Lee-way  to  the  Left  Hand  I  Point. 

Variation  to  ditto  i  Point. 


Their  Sum  to  be  allowed  to  the  Left  Hand  ii  whence 
The  true  Courfe  is  N.  W.  by  N.  f  W. 

EXAMPLE  III. 

Suppofe  I  fteer  S.  W.  by  W.  with  my  larboard  Tacks  on  board, 
and  make  two  Points  and  an  half  Lee-way,  and  I  have  one  Point 
and  a  quarter  Wefterly  Variation,  what  is  my  true  Courfe  ? 
Lee-way  to  the  Right  Hand  2  \  Points. 

Variation  to  the  Left  Hand  I  |  Points. 

The  Remainder  to  be  allowed  to  die  Right  Hand  i  J  -whence 

The  true  Courfe  W.  S.  W.  i  Wefterly. 


EXAM. 
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EXAMPLE  IV. 

Suppofe  a  Ship  lying-to  under  a  Main-fail,  with  her  Starboard 
Tacks  on  board,  comes  up  E.  by  S.  and  falls  off  to  N.  E.  by  E.  there 
being  one  Point  Wefterly  Variation,  and  {he  makes  5  Points  Lee¬ 
way,  what  Courfe  does  fhe  make  good. 

The  Middle  between  E.  by  S.  and  N.  E.  byE.  is  E»  by  N.  for 
which  allowing  6  Points  to  the  Left  Hand,  the  true  Courfe  will  be 
N.  byE. 

Currents,  the  Way  they  fet  you,  and  the  Diftance  you  fuppofe  you 
are  driven  by  them,  is  to  be  fet  in  the  Traverfe  Table  for  the  Day,  as 
any  other  Courfe  and  Diftance. 

EXAMPLE  V. 

Suppofe  I  try  the  Current,  and  find  ittofetW.  by  N.  per  Compafs 
one  Mile  per  Hour,  the  Variation  being  one  Point  Eafterly  ;  then  if 
I  fail  in  that  Current  24  Hdurs,  I  fet  down  in  the  Traverfe  Tableas  a 
Courfe,  W.  N.  W.  Diftance  24  Miles. 

Heave  of  the  Sea  is  to  be  accounted  for  in  the  fame  Manner  as 
Currents  :  As,  fuppofe  there  is  a  great  Sea  heaving  towards  the  S. 
W.  by  my  Compafs,  there  being  half  a  Point  Wefterly  Variation, 
I  then  fet  down  in  my  Traverfe  Table  S.  W.  by  S.  half  Wefterly, 
with  fo  much  Diftance  as  I  judge  the  Sea  has  heaved  the  Ship. 

At  leaving  the  Land,  the  oppofite  Point  to  the  Bearing,  with  the 
Variation  allowed  upon  it,  and  the  Diftance  you  judge  yourfelf  from 
it,  muft  be  fet  down  in  the  Traverfe  Table  as  a  Courfe  and  Diiftanee. 


EXAMPLE  VI. 

Suppofe  having  one  and  a  quarter  Point  Wefterly  Variation,  the 
Start  bearing  by  my  Compafs  M.  N.  E.  diftant  four  Leagues  ;  the  op¬ 
pofite  Point  to  N.  N.  E.  is  S.  S.  W.  which,  with  the  Variation, 
makes  S.  •£  Wefterly,  for  the  Courfe  to  be  fet  in  the  Traverfe  Table 
diftant  12  Miles. 

When  you  make  the  Land  your  Bearing,  itfelf  (with  the  Variation 
allowed  upon  it)  and  the  Diftance  you  judge  yourfelf  from  it,  is  to 
be  fet  down  in  the  Traverfe  Table  as  a  Courfe  and  Diftance.  This 
needs  no  Example. 

The  Courfes  marked  on  the  Log-board  are  the  Courfes  fteered  by 
the  Compafs.  In  order  to  obtain  the  true  Courfe,  it  is  neceflary  to 
allow  both  for  the  Variation  of  the  Compafs,  and  for  the  Lee-way 
upon  each  Courfe  on  the  Log-board,  as  has  been  {hewn,  before  they 
are  put  into  the  Traverfe  Table. 

Every  Day,  at  Noon,  the  Log-board  is  to  be  tranfcribed  into  the 
Log-book,  which  is  ruled  exadlly  like  the  Log-board. 

X  It 
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It  is  to  be  obferved,  that  every  Day’s  Account  begins  at  the  Noon 
of  that  Day,  and  ends  at  the  Noon  of  the  following  Day,  fo  that 
the  Account  of  each  Day,  when  finifhed,  (hews  the  Place  of  the 
Ship  at  the  Noon  of  the  following  Day;  and  as  the  Obfervation 
made  for  finally  fettling  any  Day’s  Account  is  made  at  the  End  of 
that  Day  according  to  the  Sailor’s  Way  of  Reckoning,  that  is,  at  the 
Noon  of  the  following  Day  ;  therefore  the  Declination  ufed  in 
fettling  any  Day’s  Latitude  niuft  be  the  Declination  for  the  follow¬ 
ing  Day  in  the  i  able  of  Declination.  Thus,  in  fettling  my  Lati¬ 
tude  on  Wednefday  May  6th,  or  finding  my  Latitude  at  the  Clofe  of 
that  Day,  I  ufe  the  Declination  for  Thurfday  May  yth. 

There  are  various  Methods  of  keeping  a  Sea  Journal  according  to 
the  Sentiments  of  various  Perfons  with  regard  to  what  deferves  be¬ 
ing  recorded :  Some  approve  of  a  Journal  including  the  Log-book, 
each  Day’s  Work  at  fome  Length,  and  fuch  Occurrences  as  feem 
of  mod  Importance  ;  while  others  prefer  a  fhort  Abftradt  of  this 
long  Journal,  containing  little  more  than  the  Courfe  run,  the  Lati¬ 
tude  and  Longitude  in,  and  fometimes  the  Bearing  and  Diftance  of 
the  intended  Port  for  each  Day. 

In  the  following  Journal  the  long  Form  is  ufed  as  reprefenting 
more  fully  each  Day’s  Work,  and  the  neceffary  Corrections ;  and  an 
Abftradh  of  this  may  be  drawn  out  in  the  fhortefl  Form  that  feems 
confident  withDiflincfnefs.  The  Learner  ought  to  be  thoroughly  ac¬ 
claimed  with  the  long  Form,  and  when  he  does  that,  he  may  either 
continue  it,  or  take  the  fhortefl  Form  ;  or  retrenching  from  the  firft, 
and  adding  to  the  fecond,  what  Particulars  he  thinks  proper,  and 
thereby  make  out  a  Form  adapted  to  his  own  particular  Tafte. 


Rules 


Reckoning 


an  Obfervation. 


NOtwithftanding  the  Rules  already  laid  down  for  keeping  a 
Ship’s  Way  at  Sea,  yet  by  reafon  of  the  feveral  Accidents  that 
may  attend  a  Ship  in  one.  Day’s  Run,  fuch  as  lwelling  Seas,  different 
Rates  of  failing  between  the  Times  of  heaving  the  Log,  Want  of 
Care  at  the  Helm  in  letting  the  Ship  yaw  or  fall  off,  accidental  Cur¬ 
rents,  fudden  Squalls,  when  no  Account  can  be  kept,  See.  the  La¬ 
titude  by  Account  and  Latitude  by  Obfervation  may  very  often  differ, 
then  it  is  nec'eccffary  that  proper  Corrections  be  made  in  the  Dif¬ 
ference  of  Longitude. 

When  you  have  made  all  proper  Allowances  you  can,  fuch  as  for 
Lee-way,  Variation,  Currents,  &c.  and  Bill  find  that  your  Latitude 
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by  Account  will  not  agree  with  your  Latitude  by  Obfervation,  then 
you  mull  correct  as  follows  : 

Firft.  Confider  whether  you  have  made  proper  Allowances  for 
Currents,  Heave  of  the  Sea,  if  the  Courfe  at  the  Helm  has  been 
carefully  attended  to,  if  the  Log-line  and  Half-minute  Glafsbejuft, 
and  the  Log  properly  hove,  or  any  fudden  Squalls,  or  proper  Allow¬ 
ances  made  for  the  Lee-way,  &c.  which  of  thel'e  you  conjeClure  your 
Error  is  in ;  make  what  Allowances  you  think  meet  to  your  Dif¬ 
ference  of  Latitude  and  Departure  by  Dead  Reckoning,  and  fee  if  that 
will  reform  your  Latitude  by  Account,  fo  as  to  make  it  agree  with 
your  Latitude  by  Obfervation ;  if  it  does,  you  have  guefied  right ;  (for 
you  mull  always  keep  to  the  Latitude  by  Obfervation,  it  being  the 
onlyThingto  be  depended  on);  but  if  it  will  not  agree  with  the  fcb- 
ferved  Latitude,  it  is  to  be  fuppofed  that  there  are  Miltakes  in  your 
Conjecture  or  fome  other  Caufe  which  produces  the  Error  in  the 
Reckoning,  and  Hands  in  need  of  being  corrected.  In  this  Cafe  you 
are  firft  to  examineyour  Log-line  and  Half-minute  Glafs,  and  if  there 
be  an  Error  in  them,  allow  for  it,  as  in  the  following  Example. 

E  P  A  M  P  L  E  I. 

Yefterday,  at  Noon,  we  were  in  Lat.  48°  20'  N.  and  till  this  Day 
at  Noon  we  have  failed  S.  S.  W.  48  Miles,  S.  W.  by  S.  36  Miles, 
N.  E.  24  Miles,  and  find  by  a  good  Obfervation  that  we  are  in  Lat. 
47°  Hn- 
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Courfes. 

Dilt. 

N. 

s. 

E. 

W. 

S.  S.  W. 

S.W.byS. 
N  E. 

48 

36 

24 

17.0 

44.4 
29  9 

17.0 

18.4 

20.0 

17.0 

74-3 

17.0 

38-4 

17  0 

57 -3 

2 1 .4 

By  the  Traverfe  Table  it  appears  that  by  Account  the  DilE  of 
Lat.  is  57.3  S.  and  the  Departure  21.4  W. 

Now  the  Lat.  left  was  48°  20/N. 

Diff.  of  Lat.  by  Account  o  57  S. 

■  II  ■  ■■■ 

Lat.  in  by  Account  47  23 

^Differing  9  Miles  fropi  the  true  Lat.  by  Obfervation. 

A  2  Wherefore 
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Wherefore  I  examine  the  Log-line  and  Half-minute  Glafs,  and 
find  that  the  former  meafures  52  Feet  between  Knot  and  Knot, 
and  that  the  latter  runs  only  27  Seconds.  Now  as  the  Log-line 
and  Half-minute  Glafs  are  both  faui  y,  f  correct  my  Difference  of 
Latitude  and  Departure  as  in  Case  III.  {Page  165)  and  find  my  cor¬ 
rect  Difference  of  Latitude  66.2  S.  and  my  Departure  24.7  W. 

Now  from  Lat.  left  48°  20'  N. 

Take  Diff.  corrected  for  Error  in  Dift.  1  6  S. 


Lat.  in,  corrected  for  the  Error  in  Dift.  47  14  N. 


Agreeing  exactly  with  my  Latitude  by  Gbfer/ation :  I  therefore 
conclude  my  Reckoning  Sufficiently  correct.  Then  with  the  Dif¬ 
ference  of  Latitude  66w  2,  and  Departure  240  7',  together  with 
Yeflerday’s  Latitude,  I  find  the  Difference  of  Longitude  either  by 
Middle  Latitude  or  Mercator’s  Sailing. 

Iu  the  lafl  Example  57.3  and  21.4  multiplied  feverally  by  156, 
tbrice  the  meafured  Length  of  a  Knot,  and  divide  the  two  Products 
by  135,  five  times  the  meafurc  JTime  of  the  Glafs,  will  give  the  Dif¬ 
ference  of  Latitude  66.2,  and  Departure  24.7,  which  is  the  fame 
Thing  as  if  every  Courfe  had  been  corrected  feparatcly. 

EXAMPLE  II. 

'Lefterday,  at  Noon,  we  were  in  Lat.  36°  1  */  N.  and  have  failed 
thefe  24  Hours  S.  E.  *  E.  55  Miles,  N.  E.  by  N.  20  Miles,  W.S.W. 
70  Miles,  S.  by  W.  4  W.  20  Miles,  and  by  Observation  this  Day  at 
Noon  we  are  in  Lat.  340  56'’  N. 


TRAVERSE  TABLE. 


Courfes.  | 

Dift.  | 

N. 

$. 

E. 

w. 

S.  E.  4  E.- 
M.  E. by  N. 
W.  s.  W. 

3  by  W.4W. 

55 

20 

70 

20 

16.6 

34-9 

26.8 

19.1 

42.5 

1 1.1 

64.7 

5.8 

16.6 

80.8 

16.6 

53.6 

70.5 

53.6 

64.2 

1  J6.9 

By 
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By  tlie  Traverfe  Table  it  appears  that  by  Account  the  DifF.  of 
Lat.  is  64.2  S.  and  the  Depart.  1 6.9  W. 


Lat.  failed  from  36° 

DifF.  of  Lat  by  Account  x  4  S. 

Lat.  in  by  Account  35  riN. 

Differing  15  Miles  from  the  Lat.  by  Obfervation. 

I  now  examine  the  Log-line  and  Half-minute  Glafs,  and  find  them 
both  right.  Next  I  confider  whether  there  be  any  Current,  and  I 
think  I  have  Reafon  fo  fufpedF  one  :  Upon  Trial  I  find  there  is  one 
fettingS.  S.W  \  W.  at  the  Rate  of  7  Fathoms  an  Hour,  and  judge 
I  have  been  in  itthefe  24  Hours.  Then  7  Fathoms  (or  Tenths  of  a 
Knot)  per  Flour,  in  24  Hours,  makes  about  1 7  Miles ;  and  to  the 
Dift.  17  Miles,  and  Courfe  S.  S.  W.  |  W.  the  DifF.  of  Lat.  is  14.6  S. 
and  Depart.  8.7  W. 


DifFLat.  Dep. 

Nowby  Tra. Table  64.2  S.  16.9  W. 
And  by  Current  J4.6S.  8.7  W. 


Correct  for  Cur.  78.8  S.  25.6 


Lat.  failed  from  36°  15'N. 

Diff.ofLat.  cor.forCur.  1  19  S. 

Lat.  in  corredt.  for  Cur.  34  56 


"Which,  agreeing  with  my  Lat.  by  Obfervation,  I  conclude  that  my 
Reckoning  is  right ;  then  having  the  Lat.  left,  and  Lat.  come  to,  the 
DifF.  of  Long,  may  be  found  either  by  Middle  Lat.or  Mercator’s  Sail¬ 
ing  as  before. 

If  after  all  proper  Allowances  are  made  for  Errors  in  Di fiance. 
Currents,  &c.  the  Lat.  by  Account  and  obferved  Lat.  fhould  difagree, 
then  the  Reckoning  muft  yet  be  farther  correfcled;  to  do  which 
the  following  are  the  common,  and  feem  to  be  the  mofl  rational 
Methods. 

CASE  I. 

If  the  Courfe  found  ly  Dead  Reckoning  be  lefs  than  3  Points  or  33 

Degrees. 

Rule.  To  the  DifF.  of  Lat.  and  Dep.  by  Account  find  a  Courfe; 
to  this  Courfe  and  the  DifF.  of  Lat.  by  Obfervation,  find  the  DifF.  of 
Long,  either  by  Middle  Lat.  or  Mercator’s  Sailing. 


EXAM- 
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1 66 


EXAMPLE. 

Yefterday,  at  Noon,  we  were  in  Lat.  390  18'  N.  by  an  Obfervs- 
tion,  this  Noon  we  are  in  Lat.  370  48' N.  and  our  Dead  Reckoning 
gives  107  Miles  of  Southing,  and  64  of  Welling  5  required  the  true 
DifF.  of  Longitude  ? 

To  the  DifF.  of  Lat.  icy,  and  Dcp.  64,  I  find  the  Courfe  2| 
Points  ;  then  with  Meridional  DifF.  of  Lat.  between  the  two  Obferv- 
ations  115,  and  the  fame  Courfe,  I  find  the  true  DifF.  of  Long. 
69  Miles. 

•  * 

CASE  II, 

If  the  Courfe  found  by  Dead  Reckoning  be  more  than  3  Points ,  or  33°  and 
lefs  than  5  Points ,  or  56Y 

Rule.  With  the  DifF.  of  Lat.  and  Dep.  by  Account,  find  the 
Diftance;  with  this  Diftance,  and  the  DifF.  of  Lat.  by  Obfervation, 
find  another  Departure.  -Tate  half  the  Sum  of  this  Dep.  and  Dep. 
by  Account,  for  the  true  Dep.  with  this  Dep.  and  the  DilF.  of  Lat, 
by  Obfervation,  find  the  DifF.  of  Long. 

EXAMPLE. 

Yefterday,  at  Noon,  we  were  in  Lat.  52°4o/N.  and  are  this 
Noon  in  Lat.  54°22/N.  having  by  Account  made  84  Miles  of 
Northing,  and  76  Miles  of  Welling  j  required  the  true  DifF.  of 
Longitude  ? 

To  the  DifF.  of  Lat.  84,  and  Dep.  76,  the  Diftance  is  1 13  Miles, 
and  the  Courfe  48°. 

To  Dift.  1 1 3,  and  DifF.  of  Lat.  between  the  two  Obfervations 
102,  the  Dep.  is  470  7'  ;  then  76  added  to  470  7'  is  1230  7',  half  of 
which  is  6iu  8',  the  true  Dep. 

To  Dep.  61 0  8',  and  DifF.  of  Lat  by  Obfervation  102,  the  Courfe 
is  310,  and  with  the  Courfe  31,  and  the  Meridional  DifF.  of  Lat. 
between  the  two  Obfervations  171,1  find  the  DifF.  of  Long.  103 
Miks. 


CASE  III. 

If  the  Courfe  by  Dead  Reckoning  be  more  than  5  Pointsy  or  56°. 

Rule.  .With  the  DifF.  of  Lat  and  Departureby  Account  find  the 
Diftance ;  then  with  this  Dift.  and  DifF.  of  Lat.  by  Obfervation  find 
the  Dift'.  of  Long. 


E  X  A  M, 
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EXAMPLE. 

Yefterday  at  Noon  we  were  in  Lat.  38®  52'  N.  to-day  at  Noon 
we  are  in  Lat.  40°  )  8'  N.  and  by  Account  have  made  68  Miles  of 
Northing,  and  1 12  Miles  of  Welling;  required  the  true  Difference 
of  Longitude  ?  With  the  Diff.  of  Lat.  68,  and  Depar.  x  12, 1  find  the 
Dif.  1 32  Miles,  and  to  Diftance  1 32,  and  Diff  of  Lat.  by  Obferv- 
ation  86,  the  Courfe  490  30'  nearly;  with  this  Courfe,  and  the  Me¬ 
ridional  Diff.  of  Lat.  between  the  two  Obfervations  1 1  x ,  the  Diff. 
of  Long,  is  1 30  Miles.  * 

The  Reafon  of  the  above  Rules  is  plain,  if  we  confider,  that 
when  a  Ship  fails  near  the  Meridian,  it  will  require  a  fenfible  Error 
in  the  Courfe  to  make  any  confiderable  Error  in  the  Difference  of 
Latitude ;  which  can  hardly  happen  if  proper  Care  is  taken  at  the 
Helm;  and  therefore  it  is  moll  likely,  that  the  Error  is  in  the 
Diftance  run ;  but  when  the  Courfe  is  near  the  Middle  of  the 
Quadrant,  or  between  3  and  5  Points  from  the  Merdian,  it  is  then 
probable  the  Error  may  be  in  both  the  Courfe  and  Diftance ;  and 
when  the  Courfe  is  more  than  five  Points  from  the  Meridian,  it  is 
then  moll  likely  the  Error  is  in  the  Courfe,  as  it  will  require  a  great 
Error  in  the  Diftance  to  make  any  confiderable  one  in  the  Differ¬ 
ence  of  Latitude. 

Note..  As  the  true  Place  of  a  Ship  depends  upon  its  Lat.  and 
Long,  being  truly  afcertained,  I  have  fet  thefe  down  only,  the  reft 
being  of  lefs  Confequence  to  the  Mariner. 


To  correct  for  feveral  Days. 

By  help  of  the  three  preceding  Rules,  the  Long,  may  always  he 
corrected  for  a  Angle  Day,  but  if  an  Obfervation  has  been  wanted  for 
one  or  more  Days,  then  mark  the  Lat.  and  Long,  at  laft  Obferva¬ 
tion,  or  if  this  be  your  firll  Obfervation  lince  leaving  the  Land 
mark  the  Lat.  and  Long,  of  the  Land  you  left ;  this  is  the  only  Lat! 
and  Long,  you  can  call  certain,  all  the  following  Part  of  the  reckon¬ 
ing  mull  undergo  a  Corre&ion,  which  is  made  as  follows. 

Take  the  Northings,  Southings,  Eaftings,  and  WefWs,  that 
you  have  made  fince  your  laft  Obfervation;  or  if  it  be  yourfirft  Ob¬ 
servation,  then  for  every  Day  from  your  leaving  the  Land,  mind¬ 
ing  not  to  leave  out  the  Diff.  of  Lat.  and  Dep.  of  the  Day  you 
corrtdl  on,  and  bring  them  into  a  Traverfe  Table,  by  which  you 
wili  have  the  whole  Diff  of  Lat.  and  Dep.  by  Account  fince  the 
hit  Obfervation  ;  and  with  that  fame  Diff  of  Lat.  and  Dep.  find 
the  Courfe  by  dead  Reckoning,  then  obferve  which  of  the  foregoing 
Cales  that  Course  falls  under,  and  corredl  by  the  Rule  for  that  Cafe^ 
or,  which  is  ftill  better,  provided  the  Long.  for  each  Day  be  truly 
found  according  to  Account*  1 


CASE 
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C  A  S  E  I. 

Reckoning  from  the  laft  certain  Latitude  and  Longitude. 

When  theCourfe  given  by  the  Meridional  Diff.  of  Lat.  and  Diff. 
of  Lone,  by  Account  taken  as  DifF.  of  Lat.  and  Dep.  is  lefs  than  3 
Points,  or  33  Degrees., 

Rule.  To  the  Mer  DifF.  of  Lat.  and  DifF.  of  Long,  by  Account 
(taken  as  DifF.  of  Lat.  and  Dep.  as  (hewn  in  the  Mercator’s  Sailing) 
find  a  Courfe,  with  this  Courfe  and  the  Mend.  DifF.  of  Lat.  by  Ob- 
fervation,  find  a  correfponding  Dep.  which  will  be  the  correct 
DifF.  of  Long. 

EXAMPLE  I. 

Having  failed  three  Days  ago  from  Lat.  49°  5/ N.  and  got  no 
Obfervation  till  this  Day  at  Noon,  and  find  I  am  in  Lat.  45°  23'N. 
and  by  Dead  Reckoning  I  am  in  450  12'  N.  having  differed  my  Long. 
173  Miles,  required  my  true  Difference  of  Longitude  ? 

M.  Parts  M.  Parts. 

Lat.  failed  from  49  57  N.  3470  Lat.  failed  from  4957  3470 

Lat.  by  Account  45  12  N.  3047  Lat.  by  Obfer.  43  23  5°^3 

Merid.  DifF.  of  Lat.  by  Acc.  423  Men  Diff.  of  Lat.  by  Obf.  407 


To  Merid.  Diff.  of  Lat.  by  Ac c.  423,  and  Diff.  of  Long,  by 
Acc.  173,  the  Courfe  is  22°  15'.  Then  with  the  Courfe  220  15', 
and  Meridional  Diff.  of  Lat.  between  the  Obfervation  407,  I  find 
the  Diff.  of  Long,  is  167  Miles. 

CASE  II. 

When  the  Courfe  given  by  the  Meridional  Diff.  of  Lat.  and  Diff. 
of  Long,  by  Acc.  (taken  as  before)  is  greater  than  3  Points,  and 
lefs  than  5  Points. 

Rule.  To  the  Merid.  Diff.  of  Lat.  and  Diff.  of  Long,  by  Ac¬ 
count,  taken  as  Diff.  of  Lat.  and  Dep.  find  a  Diltance ;  with  this 
Diftance,  and  Merid.  Diff.  of  Lat.  by  Obfervation,  find  a  corre¬ 
fponding  Departure ;  Halt  the  Sum  of  this  Dep.  and  the  Diff.  of 
Long,  by  Acc.  is  the  corredt  Diff.  of  Longitude. 

E  X  A  M  P  L  E  II. 

Three  Days  ago  we  were  in  Lat.  450  23' N.  and  have  fince  that 
Time  failed  between  South  and  Weft,  have  by  Dead  Reckoning  alter¬ 
ed 
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ed  our  Lat.  94  Miles,  and  our  Long.  147  Miles  ;  but  by  an  Obferva- 
tion  this  Day,  we  find  we  are  in  Lat.  430  34' ;  required  the  corredt 
Diff.  of  Long. 

M.  Parts.  M.  Parts. 

Lat.  failed  from  4.5°  23'  N.  3063  Lat.  failed  from  450  23'  3063 

Lat.  by  Acc.  43  29  N.  2931  Lat.  by  Obfer.  43  34  2910 

Merid.  of  Lat.  by  Acc.  132  Merid.  Diff.  by  Obfer.  133 


With  the  Merid.  Diff.  "of  Lat.  by  A.cc.  132,  and  Diff.  of  Long, 
by  Acc.  147,  I  find  the  Diftance  198,  and  Courfe  420.  Then  to 
Diftance  198,  and  Merid.  Diff.  of  Lat.  by  Obfervation  £53,  the 
Dep.  is  125,  now  125  added  to  147  is  272,  and  half  this  Sum,  viz. 
136,  is  the  correbt  Diff  of  Long. 

CASE  III. 

When  the  Courfe  given  by  the  Mer.  DifF.  of  Lat.  and  Diff.  of 
Long,  by  Acc.  (taken  as  before)  is  more  than  5  Points  or  56 
Degrees. 

Rule.  To  the  Merid.  Diff.  of  Lat.  and  Diff.  of  Long,  by  Acc. 
(taken  as  Diff.  of  Lat.  and  Dep.)  find  a  Diftance. 

To  this  Diftance  and  Merid.  Diff.  of  Lat.  by  Obfervation  find  a 
correfponding  Dep.  this  Dep.  will  be  the  correct  Diff.  of  Long. 

EXAMPLE  III. 

Two  Days  ago  I  was  in  Lat.  430  34'  N.  and  have  fince  then  made 
by  Acc.  50  Miles  of  Southing,  and  256  Miles  Diff.  of  Long.  Weft, 
but  find  by  Obfervation,  that  I  am  in  42?  30'  N.  what  is  my  true 
Diff.  of  Long. 

M.  Parts.  M.  Parts. 

Lat.  failed  from  43°34/N.  2910  Lat.  failed  from  43°  34'  2910 

Lat.  by  Acc.  42  44  N.  2843  Lat.  by  Obfer.  42  30  2822 

Merid.  Diff.  of  Lat.  by  Acc.  69  Mer.  Diff.  of  Lat.  by  Obfer.  87 

Then  to  Merid.  Diff.  of  Lat.  by  Acc.  69,  and  Diff.  of  Long,  by 
Acc.  256  (taken  as  Diff.  of  Lat.  and  Dep.)  the  Diftance  is  265,  and 
Courfe  7  3  Degrees. 

And  to  Diftance  265,  and  Diff.  of  Lat.  87  (the  Merid.  Diff.  of 
Lat.  by  Obfervation)  the  Dep.  is  250,  which  is  the  corredt  Diff.  of 
Long. 

Here  we  have  given  at  fome  Length  the  different  Methods  of 
correcting  the  dead  Reckoning  by  an  Obfervation,  which  are  readily 
done  by  the  Table  of  Diff  of  Lat.  and  Dep. 

Y 


The 
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The  Ship’s  Way  is  generally  greater  than  the  Diftance  given  by 
the  Log,  and  it  is  always  fafcft  to  have  the  Reckoning  a-head  of 
the  Ship,  that  the  Mariner  may  be  looking  out  for  Land,  and  not 
make  it  before  he  is  aware  of  it. 

When  a  great  Sea  fets  after  the  Ship  it  is  common  to  allow  one 
Mile  over  for  every  ten  given  by  the  Log  for  the  Heave  of  the  Sea  ; 
but  if  the  Sea  be  againft  or  athwart  her,  her  Diftance  muft  be  lefs 
than  that  given  by  the  Log. 

The  Error  ip  the  Ship’s  Reckoning  is  frequently  attributed  to  un¬ 
known  Currents,  for  by  various  Caufes  yet  undetermined  •,  there  are 
many  counter  Motions  of  the  Water  in  the  open  Seas,  as  well  as 
thefe  obferved  near  the  Shores,  where  the  Motions  may  be  tolerably 
well  accounted  for;  fome  of  the  obferved  Currents  in  the  great  Seas 
may  perhaps  be  owing  to  the  Tides  following  the  Moon,  and  to  the 
libratory  Motion  the  Waters  may  have  thereby,  and  the  unfettled 
Setting  and  Drift  of  thefe  Currents,  may  poffibly  depend  on  the 
Change  in  the  Moon’s  Declination.  However,  it  is  well  known 
from  Obfervations,  that  the  Trade  Winds  occafion  a  confiderable 
Current  within  their  Limits,  particularly  within  the  Torrid  Zone, 
where  the  Motion  is  perpetually  towards  the  Weft,  at  the  Rate  of 
8  or  io  Miles  a  Day,  but  at  the  Extremities  of  the  Trade  Winds, 
or  near  the  Latitudes  of  300  N.  or  S.  it  is  likely  that  the  Currents 
are  compounded  of  the  faid  Weftern  Motion,  and  of  one  towards 
the  Equator ;  therefore,  all  Ships  failing  within  thefe  Limits  fhould 
allow  aCourfe  each  Day  for  this  Current. 

Note.  When  the  Difference  of  Latitude  by  Account  is  lefs  than 
the  Difference  of  Latitude  by  Obfervation,  the  Ship  is  a-head  of 
the  Reckoning,  but  if  lefs,  the  Reckoning  is  a-head  of  the  Ship. 

When  the  Mariner  is  dubious  of  his  Account  of  Longitude,  he 
generally  runs  into  the  Latitude  of  the  intended  Port,  and  then  fails 
E.  or  W.  (if  there  be  Sea  Room)  according  as  it  is  fituated,  and 
keeps  a  good  look  out  for  the  Land. 

The  Method  I  have  chofen  to  introduce  the  young  Mariner  into 
the  mod  capital  Part  of  Navigation  is,  by  fhewing  him  firft  how  to 
work  a  few  feparate  Days  Works  independent  of  each  other,  and 
then  proceed  to  a  continued  Journal  from  London  to  Madeira,  and 
back  again  to  England,  in  which  will  be  inferted  moft  of  the  Occur¬ 
rences  that  commonly  happen  at  Sea  or  in  Harbour. 

I  have  feen  many  young  Navigators  who  have  been  taught 
the  Principles  of  Navigation  on  Shore,  were  very  deficient 
in  keeping  a  Journal  at  Sea;  and,  therefore,  muft  requeft  the 
Teacher  not  to  omit  putting  the  Pupils  over  the  following  Journal, 
which  will  render  them  ready  at  Working  a  Day’s  Work  at  Sea, 
and  confirm  in  their  Memory  thofe  Rules  they  have  been  over. 
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EX  A  M  P  r.  E  1. 

Yefterday  Noon  we  were  in  the  Latitude  of  46°  28  N.  Longitude  22  18 
W.  and  have  failed  till  this  Day  Noon,  as  by  the  Log  board,  the  Tide 
having  all  the  Time  fet  S  by  E.  2  |  Miles  per  Hour :  Required  the  Ship’s 

.  Place,  and  the  direct  Courfe  and  Diltance  made  good  ? 

Auguft  7,  1774. 
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Miles. 

The  Courfes  and  Winds  in  the  Log- board  being  examined,  it  appears  that  the 
Ship  goes  large,  and  has  no  Lee-way ;  therefore  the  feveral  Courfes  from 
the  Log-board  are  entered  in  the  Traverse  Table  without  Alteration. 

Next  the  Fathoms  and  Knots  belonging  to  each  Courfe  are  fummed  ud,  and 
the  Refults  are  put  in  the  Column  of  Diftances  in  the  Traverse  Table  ; 
and  to  thefe  Courfes  and  Dillances,  the  whole  Difference  of  Latitude  and 
Departure  are  found. 

Then  having  the  Latitude  left,  and  the  Latitude  come  to ;  find  the  Comple¬ 
ment  Middle  Latitude,  and  with  that,  and  the  Departure,  find  the  Courfe, 
&c.  by  Middle  Latitude  Sailing. 

Or  with  the  Meridional  Difference  of  Latitude  find  the  Courfe,  Difference  of 
Longitude,  by  Mercator’s  Sailing. 

Note.  When  the  odd  Fathoms  are  above  five,  we  allow  one  Knot,  but  if  under 
five,  nothing  is  allowed. 

Yz  EXAM- 
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example  ir. 

Being  Yefterday  Noon  in  Latitude  25°  50'  S.  and  Longitude  io°  ij' H. 
we  have  (ailed  ’till  this  Day  Noon,  as  per  L>g-board,  in  a  Current  let¬ 
ting  South  2-j  Miles  an  Hour,  the  Variation  t4  Point  Welt;  Required 
the  Ship’s  Place? 

Sept.  7»  1  773* 


LOC  -bOARD. 


H.lK. 

r . 

Courlcs. 

Win  as 

1 

6 

0 

S.  W. 

W.N.  W. 

z 

6 
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3 

6 

4 
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5 
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0^0 
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6 

S.  by  W. 

W.  by  S 

7 

9 

1 

8 

5 

4 

9 

2 

to 

5 

3 

1 1 

5 

5 

I  2 

5 

2 

S.  S.  W. 

W. 

1 

5 

2 

2 

5 

0 

3 

4 

6 

4 

5 

0 

5 

5 

1 

6 

5 

2 

S.E.byS. 

S.W.byS. 

7 

5 

4 

8 

5 

4 

9 

6 

1° 

10 

6 

10 

• 

1 1 

5 

1+ 

1 2 

k 

C.  Wa^i 


Traverse 

1  ABLE. 

Courfes. 

Did. 

N- 

S. 

t,. 

w. 

5.  by  W.-iW 

30 

28.7 

8.7 

5.  byE.  4  E. 

32 

30.6 

9-3 

s.  4  c,. 

3° 

29-9 

2.9 

S.E  byE  4E 

39 

184 

34-4 

S.  by  E.  4  b. 

60 

57-4 

17.4 

DifT.  Lat. 

169.0 

64  0 

00 

*  7 

55-3 

Dep. 

Diff.  Lat.  —  2°45'S. 

Dep.  Lat. —  25  30  S.  Mer.  Parts  1583 

Mer.  Parts  176s 


Pref.  Lat.  —  28  15  S. 
Sum  Lat. 


M.Diff.Lat.  185 


53  45 


Mid.  Lat.  —  26  5 2 


Co.  M.  Lat.  63  08 


Long,  left  —  io°i5  E. 

Diff.Long.  —  1  02  E.  or  is  01'  4  E. 


Pref.  Long. —  it  17  E. 


Courfe  is  S.  t8w  5c/  E. 
Diftance  174  Miles. 


The  Courfe  and  Winds  in  the  Log- board  being  examined,  it  appears  that  the 
Ship  is  clofe  hauled  on  each  Tack,  and  one  Point  Lee-wav  being  allowed 
reduces  the  Courfes  to  S.  W.  by  S.,  S.  by  W.,  S.  E  ,  and  take  a  Courfe  foi 
the  Current  S  thele  feveral  Courfes  being  corrected  by  the  Variation  ;  1  -] 
Point  Weft,  give  thofe  in  the  Traverse  Table  ;  to  which  the  whole  Dif¬ 
ference  of  Latitude  and  Departure  is  to  be  found  as  before. 

And  hence  the  prefent  Latitude  and  Longitude  may  be  found,  either  by  Middk 
Latitude  or  Mercator’s  Sailing  ;  for  as  the  Ship  is  fo  near  the  Equator,  the  Dif¬ 
ference  w  ill  be  almoft  infenlible. 
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EXAMPLE  III. 

Ye  Herd  ay  Noon  we  were  in  Latitude  3  30  40'  N.  Longitude  160  20'  Weft, 
the  Sun  was  obferved  to  fee  50°  18'  from  the  North  Point  of  the  Compafs ; 
we  have  failed  till  this  Day  Noon,  as  per  Log-board,  in  a  Current  fetting 
W.  S.  W.  1  i  Mile  an  Hour:  Required  the  Ship’s  Place,  and  her  Courfe 
and  Dillance  to  the  Weft  End  of  the  Ifland  of  Madeira?  June  4, 
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Loc-Boakd. 

ri. 

K 

F 

Courfes, 

Winds 

L.  Way 

1 

6 

2 

S.  by  W, 

W. 

2 

6 

0 

3 

6 

3 

4 

7 

0 

5 

7 

2 

6 

7 

3 

7 

7 

2 

S  W.byS. 

W.bN 

8 

7 

2 

9 

7 

4 

ic 

7 

6 

1  1 

7 

4 

12 

8 

1 

1 

8 

0 

2 

8 

S 

3 

8 

2 

4 

7 

5 

S.WbyW 

N.  W. 

5 

7 

$ 

6 

6 

6 

7 

6 

4 

8 

6 

O 

9 

6 

2 

to 

6 

1 

1 1 

6 

3 

1 2 

6 

I 

< 

Traverse 

1 '  A  B  L  E  . 

Courles. 

Dill. 

N. 

S. 

E. 

W. 

S.  oi°E. 

40 

4O.O 

0.7 

S.  10  w. 

7° 

68.9 

1 2.2 

S.  44  W. 

4°-3 

S.  55  w. 

36 

20.6 

29.5 

Diff. 

Lat. 

171.2 

0.7 

82.0 

°*7 

- 

Dep. 

81.3 

nerore  tne  courle  can  be  corrected  to  put 
into  the  Traverse  Table,  tne  Variation 
of  the  Compafs  mini  be  found  from  the 
Sun’s  true  Amplitude. 

The  Declination  is  220  30'  N. 

As  Co f.  330  40/  ;  Rad.  :  :  Sin.  22°  30':  Sin. 
27Q  22'  . 

So  that  the  true  Amplitude  —  62°  38'  W. 

Mag.  Amplitude  50  18  W*. 


Dep.  Lat.  — 

Diff.  Lat.  — 

Pref.  Lat  — 

Sum  Lat.  — 

Mid.  Lar.  — 

Co.  Mid.  Lat.  — 

Dep.  Long.  — 

Diff.  Long.  — 

Pref.  Long.  — 


Variation  =  12  20  W 

The  Courfes  in  the  Log-board  being  cor¬ 
rected  by  this  Variation  and  the  Lee-way, 
will  give  the  Courfes  fitted  for  the  Traverfe 
Table. 


*945 


33c 

4®' 

N 

Madeira’s  Lat.  — 

32 

d26'N.  Mer 

2 

5* 

S. 

Pref.  Lat.  — 

3° 

49  N. 

3° 

49 

N. 

DifF.  Lat.  — 

1 

36 

64 

29 

Sum  Lar.  — 

Mid.  Lat.  — 

63 
3  1 

^  J 

37. 

57 

*4 

46 

N. 

Co.  Mid,  Lat.  — 

v-r»  ( 

00 

23 

i6c 

1 

2o'W  . 

36  w. 

Madeira’s  Long.  — 
Pref.  Long.  — 

-  *7 

•7 

21W. 

56W, 

Diff.  Lon o-.  — 

O 

0 

35W. 

*7 

56 

W. 

The  Courfe  N.  17 

8  *5 

rE.  Diftance 

**3 


...  nmpiuuae,  tne  catituae  at  bun-Jet  was  taken  the  fame  as 

at  Noon  ;  for  although  there  were  about  46  Miles  of  Southing  in  that  Time 
and  fo  the  Latitude,  at  Sun-fet,  was  about  320  54',  yet  the  Amplitude  bein^ 
only  about  15'  kfs,  the  Alteration  in  Variation  would  fcarcely  affed  the  Dil- 
'  ference  of  Latitude,  and,  Departure  found  from  the  Courfes  fo  corre&ed. 
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EXAMPLE  IV. 

Being  Yefterday  Noon  in  Lat.  190  30'  S.  Long.  o°  10'  E.  This  Forenoor 
we  obferved  the  Sun’s  Altitude  to  be  io°  4<y  when  he  was  8o°  3c'  from 
the  North  Point  of  the  Compafs ;  we  have  failed  till  this  Day  Noon,  a: 
per  Log  board,  in  a  Current  fetting  by  the  Compafs  W.  N.  W.  i  Mile  an 
Four.  Required  the  Ship’s  Place,  with  her  diredl  Courfe  and  Dillance  tc 
the  Ifland  of  Sr.  Helena  ? 

Aug.  3,  1773- 

Traverse  T^ble. 


Log  Board. 

H. 

K. 

. 

Courfes 

Winds. 

Lee- 
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N.byE. 

B.byN 
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5 

6 

12 

5 

9 
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5 

7 

2 

b 

4 

N.NW 

N.E. 

3 

6 

8 

4 

7 

c 

5 

7 

3 

6 

7 

6 

• 

/ 

7 

5 

8 

7 

0 

9 

7 

2 

IO 

7 

4 

1 1 

6 

3 

I  2 

i  6 

0 

Courfes. 

Dift. 

N. 

S. 

E. 

N.  130  30' W. 

38 

36*9 

N.  24  45  W. 

38 

54-3 

N.  47  15  W. 

76 

5 1  *7 

N.  81  0  W. 

1 2 

1.9 

/ 

1 25.0 

D  Lat. 

W. 


8.9 

,5-9 
55.6 
1 1.8 


92.2 

Depart. 


Dedin. 


90  o' 
17  27 


Lat. 


90v  o 
19  30 


Alt. 


90°  o 
10  40 


O  D.  from  the  Pole  107  27  C.  Lat.  70  30  C.Alt.  79  20 

C.Lat.  70  30 

The  Half  Sum  12S  38 

Dirt.  -  107  27 


Sun's  D.  107' 27 
Sum 


Remainder 


257  >7 
Half  Sum  12S  38 


The  Arith.  Co.  S.  Co.  Lat.  70°  30* 
The  Arith.  Co.  S.  Co.  Alt.  79  20 

The  Log.  of  Half  Sum  128  38 

The  Log  of  the  Rem.  21  11 


The  Sine  of  Half  the  A  r.  33  32 


0.0257 

0.0072 

9.8935 

9-5579 

2)  19.4843 

9-7421 


prom  the  North  being  doubled  gives  67°  4'  the  Sun's  Azimuth 
from  the  North,  and  fubtracted  from  1800  o',  gives  1120  56'» 
the  Azimuth  from  the  South. 

From  the  Magnetic  Azimuth  8o°  30'  N. 

Take  the  true  Azimuth  67  4  N. 


The  Variation 


13  26W. 


r  -1 

-  -t 


RULES  FiOR  KEEPING  A  JOURNAL.  175 


For  the  Ship’s  Place. 

Dep.  Lat.  —  190  30'  S. 
Diff.  Lat.  —  2  5  N. 

For  the  Bearing  and  Dift.  of  St.  Helena. 

St.  Helena’s  Lat. —  160  o'S.  Mer.  Parts  973 
Pref.  Lat.  —  17  25  S.  1061 

Pref.  Lat.  —  17  25  S. 

Diff.  ofLat.  —  1  2j  gg 

Sum  Lat.  —  36  55 

Mid.  Lat.  —  18  27 

Sum  Lat.  —  33  25 

Mid.  Lat.  —  16  42 

Co.-Mid  Lat.  —  71  3  3 

Co. Mid.  Lat.  —  73  iS 

Dep.  Long.  —  0  10  E. 
Diff.  Long.  —  1  36  W, 

St.  Helena’s  Long; — 5  53  W. 

Pref.  Long.  —  1  26  W. 

Pref.  Long.  -- •  1  26  W. 

Diff.  Long.  —  4  27=267  Miles. 

CourfeN.  710  30'  W.  Diftance  270  Miles. 

Here  the  Azimuth  is  worked  with  Yefterday’s  Latitude  ;  but  had  it  been  worked 
with  this  Day’s,  the  Variation  would  have  been  i  z°  30' the  DifF.  Lat.  126  M.  and 
the  Dep.  90  M. 


In  the  following  Journal  are  exemplified  the  Manner  of  allowing  for  the  Varia¬ 
tion,  Lee-way,  Lying-to,  Calms,  Currents,  Heave  of  the  Sea,  &c.  and  to  correct 
the  Dead  Reckoning  by  an  Obfervation  in  all  Cafes,  with  molt  of  the  Occurrences 
that  commonly  happen  at  Sea. 


A 

4 

JOURNAL  of  a  VOYAGE 

FROM 

LONDON  to  MADEIRA, 

In  the  Nancy,  of  London,  A.  B.  Commmander,  kept  by 

T.  WEI  R,  Mate. 

Departure  taken  from  the  Lizard  in  Lat.  490  57' N.  Long.  50  14'W. 
Bound  for  Funchal,  in  Madeira,  in  Lat.  32  38  N.  Long.  17  6  W. 
Bearing  from  the  Lizard  Point  S.  270  1'  W.  Dift.  1156  Miles. 

v  Vfednefday 


i;6  A  JOURNAL  OF  A  VOYAGE  FROM  LONDON,  Sec. 


Wednesday 
May  23d. 

fit  3  A.  M^the  Pnot  came  on  board  ;  then  we  ghtd  ana  failed  from 
Cherry  Garden.  At  1 1  came  to  with  the  Belt  Bower  *  at  Black- 
wali.  Wind  S.  S.  W. 

Thurfday 
24th.  j 

, 

rttlh  Gales  and  cloudy  Weather,  with  Rain. 

At  3  A.  M.  weighed  and  failed;  and  at  9  came  to  an  Anchor 
at  Gravefend,  and  cleared  Ship.  Wind  from  S  S  W  to 
N.  N.  W.  ' 

\ 

Friday 

25th. 

At  4  P.  M.  weighed  and  failed,  moderate  Weather;  at  9  came  to 

with  the  Bell  Bower  at  the  Nore  in  94.  Fathoms,  frefh  Gales;  at 
4  A.  M.  weighed  and  failed  ;  at  1 1  came  to  Anchor  in  the  Downs 
in  7  Fathoms.  Deal  Callle  bearing  W.  ‘  S.  didant  2  Miles 
Wind  W.  by  S. 

Saturday 

26th. 

At  1  P.  M.  lent  tne  Pilot  on  bhore.  Fhefe  24  Hours,  the  full  and 
middle  Parts  moderate  and  fair,  the  latter  Part  llrong  Gales,  and 
cloudy. 

Sunday 

27th. 

I 

strong  Gales  and  cloudy.  At  2  P.  M.  veered  out  the  Long  Ser¬ 

vice  f  of  the  Bert  Bower,  got  Top-gallant  Yards  down.  At 
4  P.  M.  llruck  Yards  and  Top-mads.  Thefe  24  Hours  had  very- 
hard  Gales  of  Winds.  Wind  W.  by  S 

Monday 

28th. 

1  hele  24  Hours  for  the  molt  Part  frefh  Gales  At  4  A.  M.  hove 
up  the  Belt  Bower,  and  let  go  the  Small  Bower*.  At  9  hove  up  the 
Small  Bower,  and  let  go  the  Beit  Bower  again.  People  employed 
in  making  Points  and  Gafkets. 

Tuefday 

29th. 

At  6  P.M.  Strong  Gales  with  heavy  Rain.  At  8  veered  out  tne 

Long  Service,  and  let  go  the  Sheet  Anchor  under  Foot.  At  9 
A.  M.  hove  out  the  Sheet  Anchor.  Wind  variable  from  S.  by  W. 
to  W. 

Wednefday 

30th. 

Thefe  24  Hours  for  the  fird  and  middle  Parts  moderate  and  fair,  the 
latter  Partltrong  Gales.  Wind  W.  by  S. 

Thurfday 

31ft. 

1  hefe  24  Hours  frefh  Gales  and  fair.  At  3  P.  M.  got  Top-galiaoc 

Maft  down;  at  to  A.  M.  got  Yards  and  Top  mad  op.  Wind 
E.  S.  E 

*  Note,  It  is  cuftcmary  in  moft  Ships  to  have  three  Kinds  of  Anchors  ; 
namely. 

The  Small  Bower  ufed  to  fix  the  Ship  in  Still  Water  and  calm  Wea¬ 
ther. 

The  Bed  Bower,  a  large  Anchor  for  riding  in  rough  Weather. 

The  Sheet  Anchor,  or  larged,  for  fixing  the  Ship  in  lformy  Weather. 

f  The  firft  thirty  Fathoms  of  Cable  next  the  Anchor  is  called  Short-Service,  aDd 
when  the  remaining  Part  is  veered  out,  it  is-called  the  Long- Service. 
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FROM  LONDON  TO  MADEIRA. 


H. 

K. 

F. 

Courfes. 

Winds. 

Lee¬ 

way. 

Remarks  on  board,  Friday  May  zd. 

z 

4 

6 

8 

IO 

12 

2 

4 

6 

8 

IO 

!  12 

9 

S.  by  W.  1  W. 

W. 

S.W.  bW.JW. 

W. N.  W.£W. 
W.  S.  W. 

N.|W. 

\ 

N.  bW. 

N.iW. 
N.  byE. 

At  2  P.  M.  hove  fhort,  and  hoifted  in  the  Long  Boat. 
At  4  weighed  and  failed  in  Co.  with  a  40  Gun  Man  0) 
War,  and  20  Sail  of  Merchant-men. 

At  6  South  Foreland  bore  N.  N.  W".  dift.  4  Miles, 

At  2  A.  M.  Fairlee  bore  N.  dift.  6  Miles, 

At  6  Beachy  bore  N.  by  W.  6  Miles. 

At  8  Beachy  bore  N.  E.  by  E.  9  Miles. 

Freih  Gales  and  clear,  feveral  Ships  ftanding  up 
Channel ;  clofe-reefed  both  Top-fails. 

At  12  Bembridge  Point  before  W.  N.  W.  27  Miles. 
Still  in  Company  with  the  Fleet. 

H. 

K. 

T. 

Courfes. 

Winds. 

Lee¬ 

way. 

Rf.  marks  on  board,  Saturday  May  3d. 
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IO 

12 
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IO 

12 
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5 

0 

1 

6 
o 

4 

5 
o 

2 

O 

w.  s.  w. 
w.  IS. 

S.  by  W.  §  w. 

N.  byE. 

N.N.E. 

Fre/h  Gales  and  clear. 

At  4  P.  M.  parted  with  the  Fleet,  they  being  bound 
to  Spithead.  Dunnofe  bearing  W.  N.  W.  diftant 
21  IWiles. 

At  5  let  out  one  Reef  of  each  Top-fail. 

.At  7  A.  M.  Portland  Light  bore  W.  N.  W.  9  Miles. 

At  10  A.  M.  bore  N.  E.  12  Miles. 

14  Sail  in  Sight. 
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H. 

F. 

Courfes. 

j  LrCC-l 

Winds. ,  way.!  Remark:  on  Board,  Sunday  May  4th. 
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10 

12 
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5 

5 

5 

5 

S.  W.  by  W. 

S.  W. 

N.  E. 

Thefe  24  Hours  moderate  Gales,  and  fair  Weather. 

At  6  P.  M.  the  Lizard  bore  N.by  E.  Diftance  6  Leagues, 
from  which  I  take  my  Dep.  it  being  in  the  Lat.  of 
49°  57'  N.  and  Longitude  50  14'  Weft  of  London. 
L’nbcnt  the  Cables  and  flowed  ihe  Anchor. 

Several  Sail  in  Sight  Handing  to  the  We  Award. 

f 

Variation  1  i  Point  Wefterly. 

Couife. 

Dift. 

S. 

w. 

Lat  bv 

D.  R.' 

.at.byOb. 

Mer.  Dift. 

Dif.  Long. 

Long.  in. 

Bearing  and  Dift. 

S.  26"  18 
\V. 

IO7 

96 

48 

48.21  N. 

o»  48' 

73 

6°  27' W. 

Funchal  S.  27CW. 
10 19  Miles. 

The  Lizard  bearing  N.  by  E.  D'ftancc  6  Leagues  from  the  Ship  is  the  fame  as  if  the  Ship,  bad  failec 
from  the  I.:zard  6  Leagues  or  iS  Miles  upon  thooppofite,  cr  S.  by  W.  Point  of  the  Compafs,  and  allow¬ 
ing  for  the  Variation  (as  before  taught)  makes  it  S.  \  E.  Diftance  i3  Miles,  which  is  to  be  fet  dowr 
as  the  firft  Courfe  and  Diftance  in  the  follow  ing  Traverfe  Table. 

The  firft:  Courfe  fleered  by  Compafs  is  S.  \V.  by  W.  w  hich,  allow  ing  for  the  Variation,  make 
S.  W.  by  S.  \  W.  and  the  Sum  of  all  the  Diftauces  failed  on  that  Courfe  till  z  o’clock,  when  it  alters 
is  iS  1  Miles,  which  being  doubled,  bccaufe  the  Log  is  heaved  every  z  Hours,  gives  37  Miles;  fo  th< 
feccnd  Ccurfe  and  Diftance  to  be  fet  down  in  the  Traverfe  Table  is  S.  W.  by  S.  \  W.  37  Miies.  In  like 
Manner  the  fecond  Courfe  fleered  is  S.  W.  and  the  Variation  allowed  makes  it  S.  S.  W.  i  W.  and  thi 
Di fiances  on  that  Courfe  lummed  up  and  doubled  gives  56  M  ies  ;  therefore  the  third  Courfe  and  Diftanct 
to  be  fet  dow  n  in  the  Traverfe  Table  is  S.  S.  W.  |  W.  56  Miles.  Having  found  the  w  hole  DifFerenc-. 
of  Latitude  and  Departure  made  upon  the  feveral  Courfe',  1  then  mark  down  upon  my  Slate  or  Paper 
what  every  Thing  that  is  to  be  found  comes  to,  and  afterwards  fets  them  down  in  their  proper  Column: 
as  above. 


Traverse  Table. 


Courfes. 

Dift. 

N. 

S. 

E. 

w. 

S.  E. 

S.W  byS.iw. 
S.  S.  W.  i  W. 

18 

37 

56 

17.9 

8.6 

49.4 

1.8 

23.5 

26.4 

95-9 

49-9 

j.S 

48. 1 

New  to  DifF.  of  Lat.  95.9  S.  and  Dep.  48.1  W.  th< 
Courfe  is  S.  26°  38'  W.  Diftance  107  Miles;  then, 


Lat.  failed  from,  or  Lizard’s  Lat.  49”  57'^. 

DifF.  of  Lat.  1  36S. 

Lat.  in,  or  Ship’s  Lat.  48  21  N 

Sum  of  Lat.  98  18 

Middle  Lat.  49  C9 

And  to  Middle  Lat.  490  9'  and  Dcp.  48.1  the  DifF.  ol 
Long,  is  73. 

Long,  failed  from,  or  Lizard’s  Long.  5®  14' W 

DifF  of  Long.  73  Miles  —  1  13  W 

Long,  in,  or  Snip’s  Long.  6  27  W 


Now  to  find  the  Courfe  and  Diftance  to  the  intended  Port  ? 

Mer.  Parts. 

Ship’s  Lat  4S0  21'  N.  3323  Ship’s  Long.  6°  27'  W 

Funchal’s  Lat  32  38  N.  2073  Funchal’s  Long.  17  6  W 

DifF.  Lat.  943  Miles  — 15  43  Mer.  DifF.  Lat.  1250  DifF.  of  Long.  639  Miles  —  10  39 

So  from  the  Ship  to  Funchal  the  Courfe  is  found  by  Mercator’s  Sailing  to  be  S.  27®  5'  W.  Diftanc: 
1059  Miles. 
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H 

K. 

F. 

Courfes. 

Winds. 

Lee¬ 

way. 

Remarks  on  Board  Monday  May  5th. 

2 

4 

6 

8 

10 

12 

2 

4 

6 

8 

10 

12 

6 

5 

5 

S 

4 

4 

4 

4 

4 

5 

4 

4 

5' 

6 

4 

4 

5 

6 

5 

S.  W.  by  W. 

s.  w. 

S.  W.  by  S. 

N. 

N.  W. 

W.NW 

This  24  Hours  moderate  Gales  and  cloudy  Weather. 

At  4P.  M.  fpoke  with  the  Charming  Nancy  from  Ca¬ 
rolina,  bound  to  London. 

At  Noon  examined  the  Log-line  and  Half-minute  Glafs 
ufed  thefe  24  Hours,  and  found  the  Log- line  to  mea- 
.  fure  only  44^  Feet  between  Knot  and  Knot,  and  the 

Half-minute  Glafs  to  run  28*  Seconds. 

"  1 

P.M.  got  the  bed  and  fmall  Bower  A  nchors  on  the  Gun¬ 
nel,  and  unbent  the  Cables  and  flowed  them. 
Variation  -1  Wefterly. 

Courfe. 

Dift. 

s. 

W. 

Lat.  by 

D.  R. 

jat.byOb. 

Mer.  Dift. 

Dif.  Long. 

Long.  in. 

Bearing  and  Dift. 

S.  290  42 
Vt . 

107 

93 

53 

46  48  N. 

1.41  W. 

1.19W. 

7.46 

Funchal  S.  26s 
44W.  952Miles. 

The  Variation  being  allowed  upon  each  Courfe,  and  the  Diflances  fumrned  up  as  before  taught,  the 
Traverfe  Table  and  other  Work  will  be  as  follows : 


Traverse  Table. 

Courles. 

Dift. 

N. 

S. 

E. 

W 

S.W.  by  S.|W. 
S.  S.  W.  A  W. 
S.  by  W.  i  W. 

43 

45 

27 

33-2 

39" 

25.8 

27.3 

21.2 

7.8 

98.7 

56-3 

Now  to  Diff.  of  Lat.  9S.7  S.  and  Dep.  56.3  W.  the 
Ccurfe  is  S.  29°  42',  W.  Dili.  114  Miles,  the  Courfe  and 
Dift.  per  Log. 

But  the  Log-line  and  Half-minute  Glafs  being  both 
wrong,  the  Diftance  by  Log  muft  be  corrected  by  Cafe  III. 
;as  follows : 

28.5x5  =  142.57  Then  fay, asi42-5:, 1335  ::  114:  107 
44.5X3  =  133-53  the  true  Dift. 

And  to  true  Dift  107,  and  Courfe  290  42',  the  Diff.  of 
Lat  is  93  S.  and  the  Dep.  53  W.  the  true  Diff.  of  Lat, 
and  Dep. 


Let.  from,  or  laft  Day’s  Lat, 
Diff.  of  Lat. 

Lat  in,  or  Ship’s  Lat. 

Sum  Lat. 

Middle  Lat. 


48°  zt'N. 
1  33  S. 

46  48  N. 
95  °9 

47  35 


Long,  from,  or  laft  Day’s  Long. 
Diff.  Long. 

Long,  in,  or  Ship’s  Long. 


And  to  Mid.  Lat.  470  35'  and  Dep.  53,  the  Diff.  of  Long,  is  79  Miles. 


6°  27' W. 
1  19  W.- 

7  46  W. 


Then  for  the  Courfe  and  Diftance  from  the  Ship  to  Funchal. 
Mer.  Parts. 

Ship’s  Lat.  46°  48'N.  3185  Ship’s  Long. 

Funchal’s  Lat.  32  38  N.  2073  Funchal’s  Long. 


70  46'  W. 
17  6  W. 


Diff.  of  Lat.  850  =  14  10  Mer.  Diff.  1112 


Diff.  Long.  560  Miles  =92® 


Hence  the  Courfe  and  Diftance  from  the  Ship  to  Funchal  is  found  as  above. 


Z  z 


80 

i 

\ 

J  0  u 

R  N  A 

L 

O 

F  A 

v  0 

Y  A  G 

E 

Lee 

H 

K. 

F. 

Courfe. 

Winds. 

way. 

Remarks  on  board  Tuefday  May  6th. 

2 

4 

S.  W. 

W.  N.W. 

Fhefe 

24  Hours  moderate  Gales  and  clear  Weather. 

4 

4 

At  6  P.  M.  faw 

a  Ship  to  the  Northward. 

6 

4 

8 

4 

4 

S.W.  bvS. 

W.  by  N. 

I 

10 

4 

5 

Ofcfervcd  the  Sun’s  Zenith  Dift.  at  Noon  28°  93'  S. 

IZ 

4 

6 

Declination 

17  01 N. 

2 

4 

5 

So  the  Latitude  is 

45  23 N- 

4 

4 

s.  S.  W. 

w. 

I 

6 

4 

8 

4 

TO 

4 

12 

4 

Variation  1  ~  Point  W.-fterlv. 

1 

I 

Lat.  by 

Bearing  fcDift. 

Courfe.  1 

Dift. 

S.  J  w. 

1 

D.  R 

Lat.byOb. 

Mer.  D:ft. 

Dif.  Long. 

Long.  in. 

S.  8° 

3°' 

97 

96  1  14 

45.12  N. 

45.23  N. 

2-55  W- 

0.21 

8.1 

Funchal  S.2S° 

W. 

1 

51', W. 873  VI. 

By  allowing  for  the  Variation  on  eachCourfe  as  before,  and  the  Lee- way  on  the  two  laft  Courfcs,  thi 
Work  will  be  as  follows : 


T  RVAERSE  1  ABL  E. 

Courfes. 

Dilt 

N. 

S. 

E. 

W. 

S.S.W.  1  W. 
S.  by  W. 

S.  A  £. 

24 

36 

40 

2 1.2 

“5-3 

39.8 

3-9 

11.3 

7 

96.3 

3-9 

15.3 
3-y 

14.4 

Now  to  Diff.  of  Lat.  96.3,  and  Dep.  14.4,  the  Courli 


S.  8°  30'  W.  Dift.  9-  Miies. 

Lat.  from,  or  laft  Day’s  Lat.  46°  48' N 

Diff.  of  Lat.  1  36  S. 

Lat.  in  by  Account  43  12  N 

Sum  Lat.  9Z  00 

Middle  Lat.  46  00 

To  Middle  Lat.  46°,  and  Dep.  14,  the  Diff.  of  Long,  i: 
21  Miles. 

Long,  from,  or  laft  Day’s  Long.  7°  46'  W. 

Diff.  of  Long.  o  21  W 

Long,  in  by  Account.  8  7  W 


Here  the  Latitude  by  Obfervation  differing  1 1  Miles  from  the  Latitude  by  Obfervation,  I  correft  foi 
the  true  Longitude  j  and  as  this  is  the  firft  Obfervation  got  fince  leaving  the  Land,  1  work  as  follows  ; 


Mer.  Pam. 

Lizard’s  Lat. 

49° 

57'  N. 

3470 

Ship’s  Lat.  by  Account 

45 

12  N. 

3047 

Mer.  Diff.  of  Lat  by  Account 

423 

Lizard’s  Lat. 

49° 

17' N. 

3470 

Ship’s  Lat.  by  Obfeivation 

45 

23  N. 

3063 

Mer.  Diff.  by  Ob. 

4C7 

Lizard’s  Long.  50  14' W. 

Ship’s  Long,  by  Account  8  7 


To  M:r.  Diff.  of  Lat.  413,  and  Diff.  ol 
Long.  173,  the  Courfe  is  2  Points;  and  tc 
Courfe  2  Points,  and  Mer.  Diff.  of  Lat.  407; 
the  Diff.  of  Long,  is  167. 

Lizard’s  Long.  50  14' 

True  Diff.  of  Long.  167  =  2  47 

Ship’s  true  Long.  8  ^  1 

And  to  Courfe  2  Points,  and  Diff.  of  Lat. 
tween  Lizard  and  Ship  274  the  Diffance  ii 
296  Miles. 


Diff  of  Long,  by  Ac.  2  53  =  173  Miles.  . 

Hence  the  Ship  has  failed  from  the  Lizard  S.  S.  W.  296  Miles,  and  the  Courfe  and  Diftance  to  the  in¬ 
tended  Pert  is  found  as  above. 
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1S1 


H. 


2 

4 

6 

8 

io 

12 

2 

4 

6 

8 

IO 


K. 


F. 


Courfes. 


S.  by  W.  |  W, 


S.  by  W. 


Winds 


w. 


W.byS. 


Lee¬ 

way. 


Remarks  on  board  Wednefday  May  yth. 


Thefe  24  Hours  moderate  Gales  and  dear  Weather. 


P.  M.  fet  .up  the  Main  and  Mizen  Top-Maft  Shrouds 
and  BackStays. 


12  3 

Variation  is  1- 

Point  nearly,  or  130 

48'  W.  per  Amp], 

Courfe. 

Dift. 

S. 

E. 

Lat.  by 
D.  R. 

Lat.byOb. 

Mer.  Dift. 

Dif.  Long. 

Long.  in. 

Bearing  and  Dift. 

S.  90  E. 

76 

75 

12 

440  8'  N. 

,  O  / 

1  43 

c*  16' 

7°  45*  W. 

FunchalS.32°3o', 
W.  817  Miles. 

Allowing  for  the  Variation  and  Lee-way  as  before,  the  Work  will  (land  as  under  : 


Traverse  Table. 

Courfes. 

D. 

N. 

S. 

E. 

w. 

S.  {  E. 

S.  by  E.JE. 

46 

3° 

vO  Ln 

■a  OO 

4-5 

7-3 

74-9 

11. 8 

Now  to  Diff.  of  Lat.  74.9  S.  and  Dep.  11.8E.  the 
Courfe  is  S.  9«  E.  Dift.  76  Miles. 

Laf.  from,  or  laft  Day’s  Lat. 

Diff.  of  Lat. 


Lat.  in 
Sum  Lat. 
Mid.  Lat. 


45°  23'N- 
1  15  E- 

44  3  N. 

89  31 

44  4S 


And  Co.  Mid.  Lat.  450  15/  and  Dep.  n°  8',  the  Diff.  of 
Long,  is  16'  E. 

Long,  from,  or  laft  Day’s  Long.  8»  HW 

Diff.  of  Long.  0  l6 


Long,  in 


7  4S 


Having  the  Lat  and  Long,  in,  the  diredl  Courfe  and  Dift.  to  the  intended  Port  is  found  fbv  Merca- 
tor  s  Sailing)  as  above.  *  *  - 
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H. 

K. 

F. 

Courfes. 

Winds. 

Lee¬ 

way. 

Remarks  on  board  Thujfday  May  8th. 

2 

3 

5 

W.  Handed 

S.  S. 

|  Ho 

CO 

Thcfe  24  Hours  hard  Gales  and  fquallv,  with 

4 

3 

Main-Sail. 

fmall  Rain. 

6 

3 

Handed  Fore- 

Sail, 

8 

Lay 

too 

up  N.  W.  byN. 

off  N.  by  E. 

IO 

Dritt 

1  \ 

Mile  per  H:ur 

5 

Saw  a  Ship  to  Windward  with  her  Jury-mafts  up. 

X  2 

2 

up 

NW. 

off  N. 

S 

4 

6 

Ss: 

the 

Fore  Sail  cloff 

reefed. 

and 

Main-fail  more  moderate. 

8 

5 

S.  V/. 

NW  bW-|W 

T 

1 

Set  Top-fails  clofe  reefed. 

IO 

S 

12 

5 

Variation  ij  Point  Wefterly. 

C.urfc. 

D.ff. 

s. 

JL 

Lat.  by 
D.  R. 

L.t.byOb. 

Mer.  Diff. 

Dif.  Long. 

Long,  in 

Bearing  and  Diff. 

S.  8i°  30' 
W. 

^5 

4 

25 

44°  4'  N. 

O 

OO 

35  w- 

OO 

O 

O 

Funchal  S.  310, 
W.  800  Mile:. 

Taking  the  middle  Point  between  the  Point  on  which  the  Ship  comes  up,  and  the  Point  which  flu 
falls  off  for  the  fecond  and  th’rd  Courfes,  as  taught  in  the  Rules  for  lying-to,  and  then  allowing  as  be. 
fore  for  the  Variation  and  Lee-way,  the  Traverfe  Table  will  ftand  as  follows  : 


Traverse  Table. 


Courfes. 

Diff. 

N. 

S. 

E. 

w. 

W.N.W.  1  W. 

21 

7.1 

1 

19.8 

N.  N.  E.  |  E. 

9 

7-7 

4.6 

N.  by  E.  |  E. 

9 

8.5 

2*° 

S.  S.  W.  i  W. 

30 

27.1 

12.8 

23.3 

27.1 

7.6 

32.6 

23-3 

7.6 

3.8 

25.0 

Now  to  Diff.  of  Lat.  3.8  S.  and  Dep.  25  W.  th( 
Courfe  is  8i°  30',  \V.  Diff.  25  Miles. 


Lat.  from,  or  lafl  Day’s  Lat  44°  08'  N 

Diff.  Lat.  00  4  S. 


Lat  in  .  44  04  N. 

Sum  Lat  88  12 

Middle  Lat.  44  06 

And  to  Middle  Lat.  44.6,  and  Dep.  25,  the  Diff.  Long 

is  35  Miles. 

Long,  from,  or  laft  Day’s  Long.  7"  45'  W 

Diff.  Long,  co  35  W. 


Lat  in. 


8  20  W. 
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H. 

K. 

F. 

Courfes. 

Winds. 

Lee¬ 

way. 

Remarks  onboard  Friday  May  9th. 

2 

4 

6 

8 

10 

12 

2 

4 

6 

8 

10 

12 

5 

4 

4 

4 

4 

4 

4 

4 

5 

4 

6 

8 

6 

8 

8 

5 

w.  s.  w. 

Calm, 

S.  |E. 

I 

The  ft  rid  8  Hours  calm  and  foggy  the  reft  fdiff  Gales 
and  clear. 

A  Current  all  Day  letting  N.  W.  by  N.  one  Mile 
per  Hour. 

Variation  ji  Point  Welderly. 

Courfes. 

Dift. 

s. 

W. 

Lat.byOb 

Mer.  Dift. 

Dif.  Long. 

Long,  in 

Be..r!  1  g  and  Dild. 

S.  8o°W. 

84 

1 5 

83 

43°49'N. 

43'>34,N 

3°3*'W. 

3' 

O 

O 

$ 

m  u dial  S.  26°  12' 

W  Dift.  735  M. 

The  fetting  of  the  Current  and  its  Drift  in  24  Hours  being  made  a  Courfe  and  Diftance,  as  has  been 
taught,  and  the  Variation  and  Lee-way  allowed  for  as  before,  the  Work  will  be  as  follows  : 


Traverse  Table. 

Courfes. 

Dift. 

N. 

s. 

E. 

W. 

S.W.byW.JW. 
N.  W.  i  W. 

72 

z4 

l6. I 

UJ 

p 

00 

6S.r 

17-8 

1 6.  i 

30.8 

16.1 

14.7 

82.9 

Now  to  Diff.  Lat.  14.7  S.  and  Dep.  82.Q  W.  Courfe 
is  S.  8o°  W.  Dift.  84  Miles.  3 

Lat.  from,  or  laid  Day’s  Lat. 

Diff.  Lat. 

Lat.  in 
Sum  Lat. 

Mid.  Lat. 

And  to  Mid.  Lat.  43°  5/,  and  Dep.  82.9,  the  Diff  of 
Long,  is  115  Min. 

Long,  from,  or  laid  Day’s  Long.  8°  20'  W. 

Diff  Long.  j  5?  W. 

Long,  in  by  Account  10 


44°  4'N. 
o  15  S. 

43  49 N- 
s7  55 
43  57 


But  the  Lat.  by  Obfervation  differing  from  the  Lat.  by  Account,  I  correft  for  the  true  Lone  and  • 
sur  laid  Obiervation  was  three  Days  ago,  I  work  as  follows  :  (See  Rule  ‘I.  Page  167.} 


M.  Pts. 

Laid  obferved  Lat.  1 

45° 

23'  N. 

3063 

Ship’s  Lat.  by  Account 

43 

49  N. 

2931 

Mer.  Diff.  by  Acc. 

132 

Laid  obferved  Lat. 

45° 

23'  N, 

3063 

Ship’s  Lat.  by  Ob. 

43 

34  N. 

2910 

Mer.  Diff.  of  Lat.  by  Obfervation 

Long,  at  laid  Ob. 

8° 

1' 

Ship’s  Long,  by  Account 

10 

*5 

To  Mer.  Diff  by  Account  132,  and  Diff. 
of  Long,  by  Acc.  134,  the  Diff  is  190. 

And  to  Diff  190,  and  Mer.  Diff.  of  Lat.  by 
Obf.  153,  the  Diff.  of  Long,  is  112. 

.  Then  134+112  =  246,  half  this  Sum  122 
is  the  true  Diff.  of  Long.  * 


Long,  at  laid  Obf. 
Diff.  Long.  123  — 

Ship’s  true  Long. 


Sa  i/W. 

a  3  W. 


10  4  W, 


Diff.  of  Long,  by  Acc, 


2  14m  34  Miles, 


i?4 
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H. 

K. 

F. 

Courfes. 

Winds. 

Lee- 

ay. 

Remarks  on  board  Saturday  May  10th. 

2 

4 

5 

W.  s.  W. 

S. 

Thefe  24  Hours  moderate  Gales  wiih  Showers  of 

4 

6 

4 

4 

5 

Rain. 

A  great  Swell  from  the  S.  W.  for  which  I  allow  6 

8 

4 

Miles. 

10 

4 

12 

4 

2 

3 

5 

4 

3 

s 

S.  W.  by  W. 

S.  by  E. 

6 

3 

s 

8 

3 

10 

12 

3 

3 

Variation  j  Point  per  Azimuth. 

Courfe. 


S.  53®  W. 


Dift. 


83 


S. 


S° 


W. 


67 


Lat.  by 

D.  R. 


42°  44W. 


Lat.byOb. 


Mer.  Dift. 


49  38' 


Dif.  Long.l  Long.  In  I  Bearing  and  Dift 


I°33'W.  il°  37'  j  Funchal  S.22°  30' 
I  Dift.  657  M. 


In  this  Day’s  Work  the  Swell  is  to  be  confidered  as  a  Current,  whofe  Drift  in  24  Hours  is  6  Miles, 
the  Allowance  made  for  the  Swell ;  and  as  it  comes  from  the  S.  W.  it  heaves  the  Ship  towards  the  N. 
E.  and  the  Variation  allowed  upon  it  makes  laft  Courfe  N.  E.  by  N.  as  in  the  Traverfe  Table. 


Traverse  Table. 


Courfes. 

Dill. 

N. 

S. 

E. 

W. 

S.  W.  by  W. 

S« 

32.2 

48.2 

S.  W. 

32 

22-0 

22.6 

N.  E.  by  N. 

6 

5 

3-3 

5 

00 

3-3 

70.8 

s 

3-3 

49.8 

67.5 

Now  to  Diff.  of  Lat.  49. S  S.  and  Dep.  67.5  W.  Courfe 
S.  S3®  W.  Dift.  83  Miles. 


Lat  from,  or  laft  Day’s  Lat.  43®  4'  N. 

Diff.  Lat.  o  50  S. 

Lat.  4®  44  N. 

Sum  Lat.  86  18 

Mid.  Lat.  43  9 


And  to  Mid.  Lat.  43.9,  and  Dep.  67.5,  the  Diff.  Long,  i* 
93  M. 

Long,  from  Jo*  14'  W. 

Diff.  of  Long.  93  M»  J  33  W. 


Long,  is 


Ji  37 
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K. 

F. 

Courfes. 

Winds. 

4 

5 

W.  by  N. 

S.W.bW. 

4 

5 

4 

5 

S 

5 

5 

5 

5 

W.iN. 

S.S  WfW 

S 

5 

5 

5 

S 

5 

5 

S 

4 

Lee 

way 


Rimarjcj  onboard  Sunday  May  nth. 


Thefe  24  Hours  frelh  Gales  and  clear  Weather. 


Variation  1  point  Wefterly. 


Courfes. 


W. 


Dift. 


120 


S. 


W. 
1 20 


Lat.  by 

D.  R. 


Lat.byOb. 


420  30' 


Mer.  Dift. 


6°  38' 


Dif.  Lons. 


Long,  in 


140  14' 


Bearing  and  Dift. 


Funchal  S.  i2°> 
W.  608  M. 


The  Variation  being  allowed  upon  both  Courfes,  and  the  Lee-way  upon  the  fecond,  it  will  be  found 
it  the  Snip  has  failed  all  this  Day  due  Weft,  or  on  a  Parallel  ;  and  by  fumming  tbe  Diftanecs  up,  they 
:  found  to  be  120  Miles  ;  which  is  alfo  her  Departure,  and  ftie  has  made  no  Difference  of  Latitude! 
ifequently  her  Lat.  by  D.  R.  is  the  fame  as  Yefterday,  42 0  44'  N. 

As  the  Ship  has  failed  upon  a  Parallel,  her  Diff.  of  Long,  muft  be  found  by  Parallel  Sailing:  where- 
e  in  Lat.  420  44'  to  Dep.  120,  the  Diff.  of  Long,  is  163  —  20  43'  W. 

Long,  from,  or  laft  Day’s  Long.  n  37  W. 

Long,  in  by  Acc.  14  20  W. 

But  the  Lat.  by  Acc.  differing  from  the  Lat.  by  Obfervation,  I  muft  corredl  for  the  true  Long,  and  ad 
s  two  Days  fince  my  laft  Obfervation,  I  correft  it  as  follows  : 


ft  obferved  Lat. 
ip’s  Lat.  by  Account 

T.  Diff.  by  Acc. 

1  obferved  Lat. 
p’s  Ob.  Lat. 

r.  Diff.  by  Ob. 

ig.  at  laft  Obfervation 
ig.  by  Account 

F.  of  Long,  by  Acc. 


43fl 

4* 


43° 

42 


34' 

44 


34 

30 


10®  4' 

14  20 


M.  Pts. 
2910 
2841 

69 

2910 

2822 


To  Mer.  Diff.  of  Lat.  by  Acc.  69,  and  Diff. 
ofLong.  by  Acc.  256,  the  Dift.  is  265. 

To  Dift.  263,  and  Mer.  Diff.  of  Lat.  by  Ob. 
88,  the  Diff.  of  Long,  is  250,  the  true  Diff.  of 
Long. 

Now  Long,  at  laft  Ob.  was  io°  4'  W. 
Diff.  Long.  250  4  10  W. 


^  Ship’s  true  Long. 


14  14 


4  16^*56  Miles. 
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A  JOUR.  NAL  OF  A  VOYAGE 
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Remarks  on  Board,  Monday  May  12th. 
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S.  S.  W. 

S.byE.i-E. 

N.W.  byW. 
w. 

S.  W.  1  w. 

1 

Stiff  Cales  and  Showers  till  paft  Noon. 

from  2  P.  M.  fair  Weather,  and  moderate  Gales. 

Variation  1  Point  Wefterly  per  Amplitude. 

Courfe. 

Dift. 

S. 

W. 

Lat.  by 

D.  R. 

[.at.byOb. 

Mer.  Dift. 

Dif.  Long. 

Long.  in. 

Bearing  and  D 

S. 

175 

>75 

39.46 

39.40 

6»  38' 

140 14'W. 

Funchal  S.  170' 
Dift.  440  Mil 

Traverse  Table. 

Courfes. 

Dift. 

kN. 

S. 

E. 

W. 

S.  by  W. 
S.  S.  E.  l  E. 

Il8 

54 

1 1 5-7 
48.8 

23.1 

23 

164.5 

23*> 

>3 

0.1 

23 

Proper  Allowance  being  made  for  Variation  and  I 
way,  it  appears  from  the  Traverfe  Table  that  the  Ship 
this  Day  made  1 64  Miles  Southward,  and  no  Departu 
wherefore  her  direft  Courfe  has  been  South,  and  her  I 
by  D.  R.  164.  As  Ihehas  made  no  Departure,  her  L01 
tude  is  the  fame  as  Yeflerday,  and  for  her  Latitude, 


Yefterday’s  Lat 
Diff.  Lat.  by  Ace. 
Prefent  Lat.  by  Acc. 


164 


42°  3° 

2  44 

39  46 


But  as  by  Obfervation  the  Ship  is  found  to  be  in  390  40'  North,  tt  is  plain  fhe  has  got  6  Miles  a-! 
of  the  Dead  Reckoning,  which  6  Miles  being  added  to  the  Diftance  by  Dead  Reckoning,  the 
Courfe,  Diftance,  Difference  of  Latitude,  and  Longitude  of  the  Ship  for  this  Day,  will  be  as  in  thcii 
foe&ive  Columns. 
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Remarks  on  board  Tuefday  May  13th. 

2 

4 

6 

8 

10 

12 

2 

4 

6 

8 

10 

12 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

8 

5 

5 

5 

4 

4 

6 

6 

5 

0 

S.  S.  W.  |  W. 

N.Wby 
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1 

a 

Frelh  Gales  and  clear  Weather. 

People  employed  with  the  Boatfvvain  in  mending  the 
Mizen-top-fail. 

Variation  1  Wefterlv  per  Azimuth. 

Courfe. 

Dift. 

S. 

W. 

Lat.  by  | 

D.  R.  Jl 

-at.byOb. 

Mer.  Dift. 

Dif.  Long. 

Long.  in. 

Bearing  and  Dift. 

S.  by  W. 
IW. 

191 

184 

50 

36°  29'  | 

36.36 

7°  28' 

i°  n' 

15“  aS' 

FunchalS.370,  W. 
Dift.  299  Miles. 

By  examining  it  appears,  that  by  the  Dead  Reckoning  the  Ship’s  Courfe  this  Day  has  been  S.  by  W. 
|  W.  her  Dift.  zoo  Miles,  her  Diff.  of  Lat.  191  Miles,  and  her  Dep.  58  Miles ;  wherefore  her  Lat. 
and  Long,  by  Acc.  will  be  as  follows  l 


Lat.  from,  or  laft  Day’s  Lat. 
Diff.  Lat.  191 

Ship’s  Lat.  by  Ace. 

Sum  Lat. 

Mid.  Lat, 


390  40' N. 
3  11  S. 

36  29  N. 


76  O9 
38  o5 


And  to  Mid.  Lat.  38.5,  and  Dep.  58,  Diff. 
Long,  is  74  M.  —  j°  14/  w 

Long,  from  14  ,4  W. 

Long,  in  by  Acc.  i  j  28  W. 


But  by  Obfervation  the  Ship  is  found  to  be  in  36°  3 6*  N.  which,  differing  from  the  Lat.  by  Account, 
I  correct  as  follows : 


Yefterday’s  Lat. 

This  Day’s  Lat.  by  Ob. 
True  Diff.  Lat. 

Sum  Lat. 

Mid.  Lat. 


390  40' N. 

36  36  N. 

3  04  —  184  M. 
76  16 

38  8 


To  Courfe  S.  by  W.  £  W.  and  Diff.  Lat.  184, 
Dift.  is  192,  Dep.  55.8,  and  to  Mid.  Lat.  38°  08', 
and  Dep.  55.8,  the  Diff.  Long,  is  71  Miles. 

Diff.  Long.  71- 
Long.  at  laft  Ob. 

Ship’s  true  Long. 


i°  II' w. 

14  14 

15  *5  W, 


A  a  2 
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WbyS.l.W. 

W.S.W.iW 

W.  s.  W. 

S.  W.  byW 

S.  by  W.JW. 

S.  \  W. 

S. 

S.  by  E. 

i 

Thefe  24  Hours  moderate  Weather  with  Rain. 

Variation  i  P.  W.  per  equal  Altitudes  of  Sun. 

Courfe. 

Dili. 

S. 

W. 

Lat.  by 
D.  R. 

LatbyOb 

.  Mer.  Did. 

Dif.  Long. 

Long.  in. 

Bearing  &Dift. 

S.  65  W. 

119 

5° 

108 

35-5* 

35-46 

90  16' 

2.13 

17.38  W. 

Funchal  S.JE. 
Dift.  190  M. 

Traverse  Table. 

Courfes. 

Dili. 

N. 

S. 

E. 

W. 

W.  by  S.  i  W. 

27 

4.0 

26.7 

W.  S.  W.  i  W 

31 

10-4 

29.2 

S.W.byW.|W. 

43 

18.4 

38.9 

S.  by  W.  i  W. 

19 

1J.3 

*5-3 

44.1 

iio.i 

Now  to  DifF.  of  Lat  44.1  S.  and  Dep.  uo.i  W.  the 
Ccurfe  is  68°,  and  Dili.  119. 


Laft  Day’s  Lat.  36°  36'  W. 

DifF.  Lat.  44  o  44  S. 

Lat.  in  by  Acc.  35  5a  N. 

Sum  Lat.  72  28 

Mid.  Lat.  36  14 


And  to  Mid.  Lat.  36.14, 
of  Long,  is  136  ~ 

Laft  Day’s  Long. 

Ship’s  Long,  by  Acc. 


and  Dep.  uo.i,  the  D!£F. 

20  16' W. 
iS  25  W. 
17  41  w. 


But  by  Obfervation  the  Ship  is  found  to  be  in  Lat.  35®  46'  N.  differing  from  the  Lat.  by  Account  6 
M.  the  Ship  has  got  fo  much  before  the  Reckoning,  I  correct  as  follows  s 


Yefterday’s  Lat.  36°  36' N. 

This  Day’s  Lat.  by  Ob.  35  46  N. 

True  DifF.  Lat.  o  50  M. 

Sum  Lat.  72  22 

Mid.  Lat  36  11 


To  Dill.  119,  and  DifF.  Lat.  50,  Courfe  is  65°, 
Dep.  108,  and  to  Mid.  Lat.  36°  n',  and  Dep. 
108,  DifF.  Long,  is  133  M.  ~  2°  13'  W. 

Long,  at  laft  Ob.  15  23  W. 

Ship’s  true  Long.  t  17  38  W. 
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Remarks  on  board  Thurfday  May  15th. 
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S.  by  E.  I  E. 

S.  S.  E. 

S.  S.  E.  f  E. 

S.  E.  by  S. 

S.  W.  |  W. 

S.  W. 

S.WbySiW. 

S.  W.  by  S. 

1 

2 

Thefe  24  Hours  moderate  Gales  and  clear  WeatherJ 

Variation  1  Point  Wefterly. 

Courfe. 

Diff 

S. 

E. 

Lat.  by 
D.  R. 

Lat.byOb. 

Mer.  Dift. 

Dif.  Long. 

Long,  in 

Beating  and  Dift.  ! 

S.3  5.3°E. 

*35 

IIO 

78.5 

34.1  W. 

33-56 

7.58 

1.36 

1 6°  2^% 

Funchal  S.W.byS.j 
Dift.  94  M. 

Thavijsi  Table. 


Courfes. 


S.  S.  E.  1 


E. 


S.E  byS.  f 
S.E.  by  S. 

S.  E.JE. 


Dift. 

N. 

S. 

IE. 

w. 

48 

41.2 

24.7 

3* 

24.9 

18.5 

33 

24.4 

22.2 

22 

14.8 

16.3 

,05-3 

81.7 

Kowto  Diff  of  Lat.  105.3,  and  Dep.  81.7,  Courfeis 
38°.  Dift.  133  Miles. 


Laft  Day’s  Lat. 

Diff.  Lat.  105  M.  — 
Ship’s  Lat.  by  Acc. 
Sum  Lat. 

Mid.  Lat. 


35°  46'N. 
*  45 
34  01 

69  47 

34  54 


And  to  Mid.  Lat.  34.54,  and  Dep.  81.7,  Diff.  of 
Long,  is  100  Miles  —  i°  40'  E. 

Long,  at  laft  Ob.  58  W 

Ship’s  Long,  by  Acc.  58 


But  the  Lat.  by  Obfervation  differing  5  Miles  from  that  by  Account,  I  con-eft  for  the  true  Diff.  of 
,ong.  as  follows  ; 


'efterday’s  Lat. 

'his  Day’s  Lat.  by  Ob. 

'rue  Diff.  Lat.  110  ~ 

urn's*  Lat. 
lid.  Lat. 


35° 

33 

1 

69 

34 


46' 

56 

5» 

42 

5> 


N. 


To  Diff  133,  and  Diff  Lat.  no,  the  Dep. 
74-4- 

Then  74.4-f  8,1.7  ~  156,  Half  is  78,— true 
Dep. 

.  Then  to  Diff.  Lat.  110,  and  Dep.  78,  theCourfe 
is  S.  350  30'  E.  Diftance  135  M. 

And  to  Mid.  Lat.  34*51%  and  Dep.  78,  the 
Diff  of  Long,  is  96  M.  ~  j®  E. 

Long,  at  laft  Ob.  Iy  38  w’ 

Ship’s  true  Long.  ,g  02  W. 
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Winds.  way. 

Remarks  onboard  Friday  May  i6'h. 
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W.  by  N. 

S.  by  E. 

S.  by  W. 

5.  W.  byS.J-W. 

j.  W.  by  S. 

S.  W.  by  W. 

W.  by  S. 

N.N.W.JW 

X 

2 

Thefe  24  Hours  brifk  Gaits,  and  for  the  aioft 
Part  loggy. 

Ac  10  A-  M.  cleared  up  a  little  ;  faw  Funchal, 
bearing  S.  W-  by  S.  Diftarce  4  Leagues. 

At  10  P.  M.  came  to  Anchor  off  Funchcl  in  39 
Fathoms. 

Variation  J  Point. 

- - 

Saturday 
May  17th. 

Wind 
S.S.  E. 
with  Rain 

At  5  A.  M.  thinking  vve  were  too  far  to  the  Northward,  hove  up 
again,  and  gave  the  Ship  a  Sheer  to  the  Southward,  and  anchored 
with  the  Beit  Bower  in  33  Fathoms  At  3  P.  M.  veered  away 
upon  the  Beit  Bower,  and  moored  a  Cable  each  Way,  the  Beit  Bow¬ 
er  W.  N.  W.  and  the  Small  Bower  to  the  Eaitward  ;  when  moored, 
the  Weilermoit  Point  W,  by  N.  the  Loo-Rock  N  by  W.  Dillance 
about  li-  Miles,  the  Brazen  Head  E.  by  S.  the  Deferters  from  E.  to 
S.  E.  Diitance  about  6  Leagues.  Wind  S.  E. 

— - 

Sunday  ! 
May  1 8  th. 

Frequent  bqualls  with  Rain.  At  7  P.  M.  hard  Gales  from  S.  W . 
with  a  large  Swell  ;  got  flip  Buoy  Ropes  on  the  Cables,  and  all 
ready  to  put  out  to  Sea.  The  People  employed  in  knocking  down 
the  Beer  Butts. 

Monday 
May  19th. 

More  moderate  and  clear.  Set  up  the  Bobfiays,  and  liayea  the  Fore- 
mail ;  cleaned  the  Ship  fore  and  aft,  and  loofed  the  Sails  to  dry. 
Wind  F..  by  N. 

T  uefday 
May  20th. 

bent  lundry  bales  ot  Gooas  on  Shore,  and  received  Jome  Wine.  An* 

chored  here  the  Weafel  Sloop  and  two  India  Ships.  People 
employed  in  flowing  the  Wine.  Wind  E.  S.E. 

Wednefday 
May  21ft 

continuing  to  get  on  board  the  Wine.  Came  to  anchor  here 

his  Majefty’s  Ship  Greenwich.  Wind  S.  W. 

Thurfday 
May  2  2d. 

Got  up  the  lop-gallant  Malts  and  Yards,  and  bent  the  Top  fails . 
i  Received  on  Board  feveral  Caiks  of  Water  and  other  Provifions  for 
the  Ship’s  Ufe.  Wind  W. 

Friday 
May  23d. 

-At  Day-light  hove  ihort  on  the  Small  Bower,  and  made  a  Signal  for 
the  Vifuine  Boat  to  come  to  clear  the  Ship.  At  8  A.  M.  the  Boat 
J  came;  at  half  pafl  10  weighed  with  light  Bree2es,  and  flood  out  to 
Sea  under  an  eafy  Sail  waiting  for  the  Betfyr  Captain  Weir, 
Commander.  At  1 1  flie  came  up,  and  we  proceeded  on  our  Re- 
1  turn  towards  England.  Wind  N.  by  E. 
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Courfes. 

Winds. 

Lee- 

way. 

Remarks  on  Board  Saturday  May  24th, 
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8 

6 

N.  by  E 

|E. 

E.bN.JE. 

1 

At  Noon, 

the  Weft  End  of  Madeira,  bore  S.  W.  by 

4 

9 

O 

S.  Lift. 

17  Miles  by  Eftimation,  from  which  I 

6 

9 

O 

take  my  Dep.  it  being  in  Long.  17’  21'  W.  and 

8 

8 

5 

Lat.  32. 

55 

00 

rC 

IO 

9 

O 

E.  by 

N. 

N. 

0 

Frdh  Gales  and  fair  Weather  throughout.  In  Com- 

12 

8 

6 

pany  with  the  Betfy  bound  to  London. 

2 

8 

5 

4 

9 

2 

6 

8 

4 

N.  N.  E. 

E.  byN. 

1 

8 

7 

6 

10 

6 

2 

12 

5 

1 

Variation 

ij  Weft  per  Azimuth. 

-- 

Lat.  by 

Lat.  by 

Mer. 

Long. 

-  - 

Courfe. 

Dift. 

N. 

E. 

D.  R. 

Ob. 

Dift. 

X  Lon. 

in. 

Bearing  and  Dift.  of  the  Land. 

N.  20  E. 

179 

168 

62 

35.  26N. 

i° 

74 

16.7W. 

Lizard  N.  2S®  go'E.  Dift.  990  M. 

Madeira  S.  20  W.  Dift.  179  M. 

H. 

K. 

F. 

Courfes. 

Winds. 

Lee 

way. 

2 

IO 

0 

N.  by  E.  1  E. 

E.  by  N.  1  E. 

1 

4 

9 

6 

6 

IO 

4 

8 

10 

0 

W.  N.  W. 

N. 

1 

10 

IO 

s 

12 

9 

8 

2 

IO 

3 

N.  by  E.  \  E. 

W.  N.  W. 

O 

4 

10 

6 

6 

II 

7 

8 

II 

8 

IO 

II 

4 

W.iN. 

N.  N.  W.  4W. 

I 

12 

II 

6 

Lat.  by 

Lat.  by 

Mer. 

Courfe. 

Dift. 

N. 

W. 

D.  R. 

Ob. 

Dift. 

N.340  W, 

194 

l6l 

108 

3S0  7'  N. 

38.7 

0.46 

Remarks  on  board,  Sunday  May  25th. 


Hard  Gales  and  fqually  with  Rain. 

By  obferving  ’the  Moon’s  Dift.  from  the  Star 
Spica,  the  Long,  was  found  to  agree  within 
3  Miles  with  that  under. 


Variation  140  W. 


X  Lon. 

135 


Long. 

in 


18.22  W, 


Hearing  and  Dift.  of  the 
Land. 


Lizard  N.  3S.15E.  905  M. 
Madeira  S.  13,  W.  340  M. 


May  24th 


Courfes. 

Dift. 

N. 

S. 

E. 

W. 

N.  by  E.  |  E. 

J7 

16.0 

5-7 

N.  i  W. 

70 

69.7 

6.8 

E.  N.  E. 

71 

27.2 

63.6 

N.  A  w. 

SS 

54-9 

2.7 

71.3 

167.8 

9-5 

9-5 

—■  ■  - 

61.8 

May  25th. 


Couiles. 

Dift. 

.N. 

S. 

E. 

W. 

N.  8°  3o' W. 

60 

59-3 

8.9 

S.  87  30  W. 

6l 

2.9 

60.9. 

N.  3  co  E. 

89 

88.9 

4-7 

N.  70  30  W. 

46 

J5-3 

43-3 

i&3-5 

2.9 

4-7 

1 1 3*  i 

2.9 

4-7 

160.6 

ioS.4 

Having  ftewn  how  to  keep  a  Journal  the 
proceed  to  the  Method  commonly  praftifed  at 
contained  in  one  Page. 


long  Way,  for  the  Benefit  of  the  Learner. we  ihall  now 
Sea,  which  indeed  is  the  fame,  only  two  Day’s  Work  is 
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H. 

K. 

F. 

Courfes, 

Winds. 

Lee¬ 

way 

Remarks  on  board,  Monday  May  26th. 

2 

4 

6 

8 

10 

12 

2 

4 

6 

8 

10 

12 

9 

9 

9 

9 

9 

9 

9 

10 

10 

10 

to 

10 

4 

6 

5 

5 

6 

0 

4 

0 

0 

0 

0 

0 

N.  61*  E. 

NN  W. 

0 

Thefe  24  Hours  hard  but  fteady  Gales. 

At  4  P.  M.  Let  Fore-top-faiL 

By  drawing  1  Parallel  through  40®  6'  in  the  Variation, 
Chart,  cuts  the  Varianon  Line  in  14®,  which  <01- 
firms  the  Ship’s  Account  of  Longuucc. 

Variation  140  Weft  per  Azimuth. 

Courfe. 

Dift. 

N. 

E. 

Lat.  by 
D.R. 

Lat.  by 

Ob. 

Mer.  Dift. 

X  Lon. 

Long.  in. 

Bcaiing  and  D.it.  of  lilt 

Land. 

N.  59  E. 

*33 

120 

185 

40-46 

VO 

O 

O 

O 

2°  19'  E. 

** 

OO 

W 

14.24  W. 

Lizard  N  E.  tyN.  705  M 
Madeira  S.  I5°,W.4-’oM- 

H. 

K. 

F. 

Courfes. 

Winds. 

Lee 

way. 

Remarks  on  board,  Tuefday  May  27th 

2 

4 

6 

8 

10 

12 

2 

4 

6 

8 

10 

12 

6 

8 

8 

9 

8 

8 

8 

9 

9 

8 

8 

9 

7 

0 

6 

2 

5 

5 

6 

0 

4 

7 

8 

3 

N.  1  E. 

W.  1  N. 

E.  by  S. 

N. 

W.  by  N.  £  W. 

N.  A  W. 

E. 

N.  N.  W. 

N.  E.  byN. 

E. 

N.byW.AW. 

E. 

1 

1 

0 

2 

0 

Thele  24  Hours  variable  Winds  and  hard  Gales, 
with  cloudy  and  foggy  Weather. 

Set  Fore-top.  faiL 

4t  6  P.  M.  hand  Fore-top- fail. 

A  great  Sea  fetting  Southward,  for  which  I  allow 
half  a  Mile  an  Hour. 

Tried  the  Log-line  and  Clafs  ufed  this  Day, and  find 
only  45A  Feet  on  a  mean  for  the  Length  of  each 
Knot,  and  28!  Seconds  for  the  Run  of  the  Giafs. 

Set  up  the  Main  and  Mizen  ftay  and  Shrcuds. 

Variation  1 J  Point  W-  ft. 

Courfe. 

Dift. 

N. 

45 

E. 

Lat.  by  ! 
D.  R. 

_al.  by 
Ob. 

Mer.  Dift. 

Diff. 

Lon. 

Long.  in. 

Bearing  and  Dift.  of  the  Land. 

N.  53  W. 

74 

59 

40.5 ! 

40.52 

3.18  E. 

77 

.5.41  w. 

Lizard  N.  37®  45',  E.  624  Miles. 
Madeira  S.  6  70  W.  54-  Miles. 

Msv  26th. 


May  27  th. 


Courfes. 

Dift. 

N. 

S. 

E. 

W. 

N.  47  E. 

*33 

160! 

170 

There  being  40  Miles  Diff.  between  the  Lat.  by  D.  R. 
and  Lat.  by  Obf.  the  Diff.  of  Long,  muft  be  corrc&ed  ; 
and  as  the  Courfe  by  D  R.  is  between  3  and  5  Points,  I 
corredf  as  follows  : 

To  the  Diff.  of  Lat.  and  Dep.  by  D.  R.  the  Courfe  is 
4.7° ,  and  Dift.  232  ;  and  to  Dift.  233*  and  Diff.  of  Lat. 
by  Ob.  120,  the  Couife  is  59®,  and  Dep.  199.7*  which 
added  to  170  is  369.7,  Half  is  185,  the  true  Dep.  and  to 
Com.  Mid.  Lat.  390  7',  and  true  Dep.  185,  the  Diff. 
of  Long.  238  m0  58',  which  fubtrafted  from  18®  22' 
leaves  1 40  24'  the  Long  in. 


Courfes. 

Dift. 

N. 

s. 

|E 

|W. 

N.  by  W. 

29 

28.4 

5-7 

W.  S.  W. 

36 

«3.8 

33-3 

E.  AS. 

31 

4.6 

30.7 

N.  by  W.  1  W. 

35 

34 

8.5 

S.W.byW.JW. 

36 

18.5 

30.9 

N.  N.  W. 

36 

33-3 

r3.8 

95-7 

36.9 

30.7 

02.2 

36.9 

30.7 

58.8 

6lJ 

Set  of  Sea 

12 

46.8 

JJJ  UUS  L/dJ  *  TTUriw  Ult  VJJWO  - - O -  c 

28.5X5  =  142.3,  and  43.5X3  =  136.5. 
Then  fay,  as  142.5  :  136-5  :  46  8  :  44.7  Diff  Lat 
And  as  142.5  :  136.5  :  :  61.5  :  58.9  the  Dep.  W. 
With  this  Drff.  of  Lat.  and  Dep.  the  reft  is  found  as  above  for  March  4th. 


N. 
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FL 

K. 

F. 

Courles. 

Winds. 

Lee¬ 

way. 

Remarks  on  board,  Wednefday  May  28th. 

1 

9 

6 

S.  E.  by  E.  i  E. 

N.  E.  1  E. 

2 

Hard  Gales  and  cloudy  Weather,  accompanied  with 

4 

9 

2 

Rain. 

6 

9 

5 

N.  |  E. 

S.W.fW. 

O 

8 

8 

5 

10 

8 

7 

E.  N.  E.  1  E. 

N.  1  E. 

2 

J2 

8 

2 

2 

8 

3 

S.  S.  W.  x  w. 

N.  i  E. 

O 

4 

8 

7 

6 

7 

6 

N.  E. 

N.  N.  W. 

ii 

8 

7 

2 

10 

7 

O 

12 

6 

4 

Variation  i|- Point  W.per  Amplitude.  ; 

Courfe. 


4.  46  E. 


Dift. 

9* 


N. 

24 


95 


Lat.  by 

D.  R. 


41.16 


Lat.  by 

Ob.' 


410  16' 


Mer.  Dift. 


4°  53'  E. 


X  Lon. 


126  E. 


Long.  in. 


*3°35'W. 


Beating  and  Dift.  ot  the 

Land. 


Li2ard  N.E.  byN.  624  M. 
MadeiraS.  170  W. 546M. 


H. 

2 

4 

6 

8 

10 

12 

2 

4 

6 

8 

to 

12 

K. 

F. 

Courfes. 

Winds. 

Lee 

way. 

Remarks  on  board,  Thurfday  May  29th. 

10 

10 

1 1 

10 

9 

9 

10 

10 

10 

10 

10 

10 

6 

2 

0 

3 

7 

6 

2 

5 

8 

0 

1 

6 

E.  by  N.  IE. 

N.  N.  E.  • 

E.  by  S.  X  E. 

N.  E.  |E. 

N.  byE.  X  E. 

E. 

N.  N.  E.|E. 

S.E.  byE.lE. 

I 

I 

1 

I 

Hard  Gales  and  fqually,  with  Rain. 

Fore-fails  clofe  reefed. 

At  11  P.  M.  fpoke  with  the  Dublin  from  Cork, 
bound  to  St.  Mary's. 

At  Noon  faw  Cape  Finifterre  bearing  E.  |  N. 
Diftance  25  Miles. 

Variation  Point  Weft. 

Courfe. 

Dift. 

N. 

E. 

Lac.  bv 
D.  R. 

Lat.  by 
Ob. 

Vder.  Dift. 

X 

Lon. 

Long.  in. 

Bearing  and  Dift.  of  the 

Land. 

r.  51°  e. 

185 

117 

144 

43°  *7' 

43°  13l 

7°i7' 

194 
-  E. 

10.20  W. 

Lizard  N.27°I3',  E.  324  M. 
MadeiraE.  X  W.  907  Miles. 

May  28th 


Courles. 

Dili 

N. 

S. 

E. 

w. 

’s.  E.  |  E. 

37 

22.0 

29.7 

N.  i  W. 

36 

7  5-S 

3-5 

E.  by  N. 

34 

6.6 

33.6 

S.  by  W. 

34 

33.6 

6.6 

[4.  i>y  E.  i  E. 

56 

37.6 

41.5 

80.0 

35.6 

55-6 

IO4.8 

IO.I 

IO.I 

24.4 

94  7 

May  29th. 


Couiles. 

Dift. 

N. 

s. 

E. 

w. 

E.  bv  N. 

N.  1  W. 

E.  by  S. 

N.  N.  E.  £  E. 

42 

62 

6l 

33 

8.2 

61.9 

73.2 

12. 1 

41.2 

60.8 
39.  t 

3-o 

*43-3 

12,1 

12. 1 

i41.I 

3° 

I  3  T.2 

138.1 

On  May  the  29th,  the  Lat.  by  D.  R.  having  out-run  the  Lat.  by  Ob.  the  Dep.  muft  be  correfted  ;  and  as 
le  Diff.  of  Lat.  and  Dep.  by  D.  R.  are  nearly  equal,  I  corredt  as  follows  : 

To  Diff.  of  Lat.  13-2,  and  Dep.  138.1,  the  Dift.  is  190.  To  Dift.  190,  and  DifF.  of  Lat.  by  Ob. 
17,  the  Dep.  is  149.0,  which  added  to  138.1  is  287.8,  Half  is  143.9,  the  true  Dtp.  with  which,  and 
ie  true  Diff.  of  Lat.  11 7,  the  reft  are  found  as  above. 
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H. 

K. 

1 

F.  1  Courfes. 

Winds. 

Lee¬ 

way. 

Remarks  on  Board  Friday  Mas  -cth. 

2 

A 

6 

8 

10 

12 

2 

4 

6 

8 

10 

12 

9 

JO 

9 

10 

10 

JO 

10 

9 

JO 

TO 

9 

10 

pj  OUOO'OM^^OO'i-OOO 

N.  |  \V. 

S.  S.  E. 

0 

Hard  Gales  and  clear  Weather. 

At  6  P.  M.  clofe  reefed  the  top-fails. 

At  6  A.  M.  law  a  Sail  to  Northward. 

Lat.  by  double  Altitudes  as  under. 

Variation  iX  Point  Weft. 

Courfe. 

Dili. 

N. 

W 

99 

Lat.  by 

D.  R. 

Lat.  by 

Ob. 

Mer. 

Dift. 

Diff. 

Lon. 

Long. 

in. 

Bearing  and  Dift.  of  the  Land. 

N.  r..  w. 

26c 

239 

46*55' 

47° 

5° 

38'E. 

141  W. 

12°  41' 

L.z.ri  :  .  E  by  E.  4  E.  324  M 

H. 

K. 

F 

Courfes. 

Winds. 

Lee- . 

way. 

Rz  makes  on  board,  Saturday  May  31ft. 

2 

7 

6 

E. 

N.  by  E. 

O 

Stiff  Gales  and  drizzling  Rain. 

4 

8 

4 

At  7  A.  M.  fucke  with  the  Hamilton.  Moo 

6 

8 

6 

from  Carolina,  bound  t 0  Lr..c  n. 

8 

8 

9 

Bent  the  Sheet,  F 

"  •  '  -  B-  .  Cabl 

10 

9 

O 

and  got  Lhe  A  net. cic^r. 

12 

8 

6 

2 

8 

3 

Lat.  by  Meridian  Altitude  as  under. 

4 

8 

4 

6 

8 

I 

8 

8 

6 

10 

8 

3 

12 

8 

O 

Sounded  80  F. 

brown  Shells 

•  ar.d 

Gravel. 

- Varia 

ticn  jX  Point  W. 

I  Lat.  by 

Lat.  by 

Mer, 

Dhf. 

Long. 

Beanng  and  Dift.  of  1 

Courfe. 

Dift. 

N. 

E.  j  D.R. 

Ob. 

Dill. 

Long. 

in 

Land. 

N.  77  E. 

202 

46. 

156)  4S®  II' 

1 

47°  5s' 

sV 

E. 

2S8 

7°53' 

Lizard  N.  41°  E.  152  M 

Courfes.  '  |  Dift. 

N.  S. 

E. 

W. 

Courfes.  |  Dili. 

N.  I  S. 

E. 

N.  N.  W.  |  240 

221.  sj 

91.8 

E.  fcv  N.  4-  N.  202 

98.6 

*93-3 

There  being  17  Miles  Difference  between  the 
Lat.  by  Account  and  Lat.  by  Observation,  1  muft 
corredl  ;  and  as  the  Courfe  is  2  Points,  I  muft  cor¬ 
rect  by  Cafe  I.  Then  to  ihe  fame  Ccurfe,  and  Diff. 
of  Lai.  by  Obf.  the  Dift.  is  26c,  and  Dcp.  C9.5; 
with  which,  and  the  Co.  Mid.  Lat.  the  D;tf.  cf 
Long,  is  found  as  above. 


Here]  she  Lat.  by  D.R.  differs  17  Miles  fr 
the  Lat.  by  Ob.  and  as  the  Courfe  by  D.  R.  is  m 
than  5  Points,  I  muft  correft  by  Cafe  1 
To  DirF.  cf  Lat.  58.6,  and  Dap.  196. 5,  1 
Diftance  is  201 ;  and  to  this  D:ft.  and  D.ff-  of  I 
by  Ob.  the  Courfe  is  77°,  and  Deo.  393.31  v 
v  r.ich,  and  Co.  Mid.  Lat.  42°  55',  I  5du  the  D 
of  Long,  is  288  Miles  Eaft. 
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l 

|  Lee- 

H, 

K. 

F. 

Courfes. 

Winds. 

way. 

Remarks  on 

board  Sundav  June  ift. 

2 

7' 

6 

E.  by  N.  i  N. 

w.  s.  w. 

c 

Thefe  24  Hours,  fir  ft  Part  moderai;  Gales  and 

4 

7 

O 

clear  Weather,  the  latter  Part  fogey. 

6 

6 

O 

8 

6 

4 

At  10  A 

.  M.  cleare  '  up  and  faw  the  Lizard  bear- 

10 

6 

2 

trig  N.  5  is.  Uiltance  j  Leagues. 

12 

7 

5 

2 

7 

0 

4 

7 

3 

6 

7 

I 

8 

5 

6 

.  N.  N.  E. 

Foggy. 

10 

12 

Monday 
June  2d. 

Light  Breezes.  At  6  P.  M.  the  Start  bore  E.  by  N.  the  Ram’s- 
head  N.  36°,  W.  the  Bolt  head  N.  by  E.  Diftance  from  the  Start 
6  or  7  Miles.  At  Noon,  the  Start  E.  by  N.  N.  diftant  4  or  5 
Miles.  35  Fathoms  Water.  Lat.  co°  05'  N.  Several  Sail  in 
Sight.  Wind  N.  N.  E. 

Tuefday 
June  3d. 

Moftly  calm,  the  Remainder  light  Airs.  At  1  A.  M.  pafled  his  Ma- 
jefty’s  Ship  the  Rainbow.  At  2  P.  M.  came  a  Boat  from  Shore 
with  a  Pilot,  who  took  charge  of  the  Ship  ;  by  the  fame  Boat  fent 
away  one  Hog/head  of  Wine.  At  Sun-fer  the  Eddyftone  bore 
N.  \  E.  diftant  about  3  or  4  Leagues.  At  Noon  the  Ram-head 
bore  N.  by  W.  \  W.  the  Bolt  E.  4  S.  Stood  in  for  the  Sound 
with  light  Airs  at  S.  At  5  P  M.  anchored  Saluted  the  Admiral 
with  13  Guns,  and  moored  with  the  Beft  Bower  and  Stream  An¬ 
chors.  Wind  N.  E 

Wednefday 
June  4th. 

Light  Breezes.  Ac  Noon  unmoored  Ship,  f  nd  hove  lhort  on  the 
Stream  Cable.  At  2  P.  M.  weighed,  and  run  into  Hamoafe  At 
l  half  paft  4  took  in  the  King’s  Moorings,  and  at  6  P  M.  the  Cap- 
1  tain  went  aftiore  with  Letters  to  the  Merchants  Wind  S.  E. 

Having  treated  at  fome  length  of  the  Method  of  keeping  a  Ship’s  Way  at  Sea, 
which  was  thought  neceffary  to  render  the  young  Artift  expert  thereinr  as  it  is  the 
principal  Part  which  a  Number  of  dry  Problems  would  never  do,  I  Ihall  next 
proceed  to  fhew  how  to  work  a  Ship  ;  and  though  the  Terms  and  Language  may 
feem  uncouth  to  the  Learner,  yet  it  is  prefumed  they  will  not  be  fo  to  the  more 
experienced  Seaman, 


»  bs 


(  *96  ) 


The  Subfiance  of  that  Examination,  which  every  Candidate  for  a  Commiffion 
in  the  Navy  or  Eajl-lndia  Service,  mujl  necejfarily  pofs,  previous  to 
his  appointment,  refpefling  the  Management  of  a  Ship,  from  her  frfl 
coming  out  of  Dock  to  her  clearing  the  Land,  with  Directions  for  work¬ 
ing  a  Ship  in  all  difficult  Cafes  at  Sea. 

£{uef.  QIR,  you  appear  here  to  be  examined  in  your  Abilities, 

O  neceffary  to  qualify  you  for  being  appointed  an  Officer  in 
the  Ship - ,  Captain - ,  now  bound  to  India,  in  the  Com¬ 

pany’s  Service — a  great  Charge.  What  do  you  look  upon  to  be  your 
Duty  in  that  Capacity  ? 

A.  When  I  have  received  my  Captain’s  Commands,  I  am  then 
not  only  to  direct,  but  likewife  to  infpe£t  into  every  thing  relative  to 
fuch  Orders,  and  fee  it  properly  executed  accordingly. 

When  your  Ship  is  out  of  Dock,  what  is  firft  to  be  done  ? 

A.  After  the  proper  Officers  have  examined  the  Limbers,  I  would 
level  the  Hold,  by  laying  the  Kentledge  from  the  Fore -part  of  the 
Fore -hatchway  to  the  After-part  of  the  After-hatchway. 

If  you  are  taking  in  Bales,  how  high  would  you  dunnage, 
and  what  Part  of  the  Ship  moll  ? 

A.  I  would  dunnage  fix  Inches,  and  moftly  about  the  Well  and 
Main-hatchwav,  and  the  Wake  of  the  Chains  and  Floor  Tim¬ 
bers. 

Suppofe  you  have  one  and  a  half  Foot  Water  in  your  Hold, 
and  your  Ship  heels  four  Streaks  down;  what  Dunnage  ought  you 
to  have,  to  preferve  the  Cargo  ? 

A.  Three  Feet. 

How  would  you  moor  your  Ship  at  Gravefend  ? 

A.  I  would  come-to  with  my  fmall  Bower,  veer  the  Service  into 
the  Hawfe,  and  then  hang  my  belt  Bower  in  the  Long-boat,  and  with 
the  Tide  drop  her  a-ftern ;  and,  when  the  Cable  is  taught,  let  go 
the  Anchor. 

You  have  been  in  the  Downs  :  how  do  you  moor  there  ? 

A.  With  my  beft  Bower  to  the  S.  W.  upper  Deal -mill  and  Deal 
Caftle  in  one,  with  the  South-Foreland  S.  W.  by  S.  in  eight  Fa¬ 
thoms  ;  I  would  veer  away  with  the  laft  quarter  Flood,  and  moor 
with  the  fame  Bower  to  the  N.  E. 

£>.  Where  is  the  beft  anchoring  in  the  Downs  ? 

A.  Bring  upper  Deal  Church  in  one  with  Deal  Caftle,  and  anchor 
in  eight  or  nine  Fathom  Water. 

j9.  What  are  the  Marks  for  anchoring  in  the  Downs,  Deal  Caftle 
bearing  Weft  ? 

A.  The  South  Foreland  S.  W.  and  Sandown  Caftle  l^T.  N.  W. 

How  would  you  unmoor  in  the  Downs  with  the  Wind  at 

North  ? 


A.  I 
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A.  I  would  fplice  my  Stream-cable  to  my  fmall  Bower,  and  veer 
away  at  half  Ebb,  that  I  might  have  Time  to  flow  my  belt  Bower, 
and  fhorten  in  my  fmall  Bower-cable  before  the  Ship  tends  to  Wind¬ 
ward  ;  but  as  foon  as  the  Tide  flacks,  if  I  was  afraid  to  truft  my 
Stream-cable,  I  would  veer  on  my  bell,  and  take  up  my  fmall 
Bower. 

Suppofe  the  Wind  northerly,  you  were  in  a  Ship’s  Hawfe  in 
the  Downs  ? 

A  I  would  wait  till  the  Ship  tended  to  Windward,  and  heave-to 
my  Anchor  as  Ihe  tended  to  it. 

How  would  you  work  the  Ship  out  of  the  Downs  with  the 
Wind  foutherly  ? 

A.  I  would  come  no  nearer  the  Goodwin  than  thirteen  Fathoms 
Water,  nor  to  the  Main  than  eight  or  eight  and  a  half  Fathoms; 
when  I  come  near  the  Foreland,  into  no  lefs  than  ten  fathoms ;  there 
is  a  Shoal  off  Weft  Caftle,  fourteen  Feet  at  Low-water,  bearing  E. 
about  two  Miles, 

J<b  If  it  blows  hard  in  the  Downs  at  S.  W.  and  you  part  your 
Cables,  what  would  you  do  ? 

A.  I  would  Hand  out  to  the  Goodwins  till  I  brought  the  South 
Foreland  Light  to  S.  W.  by  S.  then,  keeping  in  nine  Fathoms  Wa¬ 
ter,  fteer  N.  N.  E.  till  the  North  Foreland  Light  bore  W.  N.  W. 
when  I  might  fafely  bawl  round  for  Margate  Roads. 

How  do  the  Forelands  bear  of  each  other  ? 

A.  Neareft  North  and  South. 

j<h  How  does  the  Tide  flow  in  the  Downs  ? 

A.  By  the  Shore  S.  S.  E.  and  in  the  Offing  S.E.  by  S. 

Q  What  are  the  Marks  of  the  Goodwin,  by  which  you  are  to 
know  when  you  are  clear  of  them  ? 

A.  The  Goodwin  Sands  are  two  large  Quickfands,  called  the 
North  and  South  Sands.  When  upper  Deal  Mill  and  Warner  Caftle 
are  in  one,  then  I  am  a-breaft  the  South  Sand-head  ;  and  when  the 
North  Foreland  bears  N.  W.  by  W.  I  am  a-breaft  the  North  Sand- 
head. 

4L  Suppofe  you  were  riding  at  Anchor  in  the  Downs,  and  an 
exprefs  Order  came  for  you  to  go  to  the  Weftward  with  the  Wind 
at  S.  W.  or  S.  S.  W.  at  what  Time  of  the  Tide  would  you  un¬ 
moor  ? 

A.  I  would  unmoor  at  Half-flood,  to  be  in  Pteadinefs  to  weigh  at 
High-water,  and  cart  her  in-fhore,  (by  reafon  of  tire  Tide  being 
fooner  done  in-ffiore)  if  Rccm  ;  if  not,  I  would  tack  and  ftand 
off  in  ten  or  eleven  Fathom  Water,  then  ftand  in  to  the  Shore  in 
feven  Fathoms,  and  lay  my  Top-fails  back  till  my  Anchors  were 
flowed. 

Is  there  any  Danger  in  going  oft  the  Down  ?  In  what  Water 
would  you  ftand  in  Shore,  and  what  Water  towards  the  Good- 
Wins  \ 


A .  Yes; 
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A.  Yes  -,  between  Deal  and  Warner  Caftle  there  are  fome  Shoals, 
with,  at  Spring-tides,  not  above  fixteen  or  feventeen  Feet  Water  at 
Low-water.  I  would  come  no  nearer  the  Shore  than  fix  Fathoms  ; 
and  no  nearer  the  Goodwin-fands  than  ten  or  eleven  Fathoms  in 
fome  Places  the  nearer  I  go  to  the  Sands  I  ihould  have  the  deeped: 
Water ;  but  then  there  would  foon  be  fo  little  water,  that  I  fhould 
be  aground  before  1  could  perceive  its  Shoal,  I  would,  therefore, 
ftand  towards  the  South  Foreland  in  nine  Fathoms,  and  to  the  South 
Sand-head  in  feven  Fathoms,  there  being  gradual  Soundings. 

What  are  the  Marks  for  running  through  the  Gulph  Stream  ? 

A.  To  keep  the  Light-houfe  on  the  South  Foreland  in  one  with  the 
weftermoft  End  of  the  fouthermoft  Clift  in  Old  Stains  Bav. 

N.  B.  Stains  Bay  is  the  Swamp  that  lies  between  two  Clifts, 
which  lies  a  large  Half-mile  to  the  Southward  of  Kingfdown  upon 
the  South  Foreland. 

W  hat  are  the  Marks  of  the  Dangers  going  out  of  the 
Downs  ? 

A.  Upper  Deal  Mill  in  one  with  the  Corner  of  Warner  Caftle, 
will  lead  me  clear  off.  Upon  Deal  Church  being  open  with  the 
faid  Caftle  about  a  Ship’s  Length,  I  mud:  ftand  out  fo  till  I  bring 
the  Light-houfe  in  one  with  the  Caftle,  and  then  I  {hall  be  abreaft 
of  the  South  Sand-head  ;  and,  when  the  Light-houfe  opens  to  the 
Weftward  of  Folkftone  Church  with  Hay  Clifts,  it  leads  me  clear. 
I  mud:  obferve  not  to  {hut  in  the  Hope-land  E.  by  N.  and  the  South 
Sand-head  will  lie  off  a  full  League. 

Suppofe  you  were  coming  into  the  Downs,  with  the  Wind  at 
Wed:  blowing  hard,  which  Way  would  you  lay  your  Ship’s  Head 
to  ? 

A.  I  would  come-to  with  my  bed:  Bower,  and  lay  my  Ship’s  Head 
to  the  Eaftward ;  but  if  with  the  fmall  Bower,  I  would  lay  her  Head 
to  the  Wedward. 

j^.  For  what  reafon  would  you  do  fo  ? 

A.  Becaufe  I  fhould  thereby  keep  my  Cable  clear  of  the  Cut¬ 
water. 

What  is  the  Courfe  from  the  South  Foreland  to  Dungenefs  ? 
and  what  are  the  Dangers  ? 

A.  From  the  South  Foreland  to  Dungenefs  the  Courfe  is  S.  W. 
by  W.  Diftance  nine  Leagues :  the  Dangers  between  them  are  the 
Ripraps  ;  the  {hoaleft  Part  of  which  lies  from  Dover  S.  four  Leagues ; 
from  Calais  Clifts  W.  by  S.  from  Folkftone  S.  E.  and  E.  S.  E.^four 
Leagues  :  from  Dungenefs  it  lieth  in  Length  N.  E.  and  S.  W.  Dif¬ 
tance  about  four  Leagues,  both  Ends  pointing  to  the  Englifh  Shore ; 
it  is  very  narrow,  and  has  on  it  but  fifteen  Feet  at  Low-water :  I 
would  come  no  nearer  than  twenty  fathoms.  When  the  Nefs  bears 
N.  W.  by  N.  I  am  to  the  Northward  of  it :  it  flows  at  the  Ripraps 
N.  E.  and  S.  W.  that  the  Tide  runs  to  the  Eaftward  till  Three  o’Clock 
Full  and  Change,  when  it  is  half-ebb  by  the  Ground. 


Q  How 
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J<h  How  would  you  come  to  an  Anchor  under  Dungenefs  ? 

A.  I  would  bring  the  Nefs  Point  to  bear  S.  W.  by  S.  or  S.  W. 
half  S.  in  nine  Fathoms  :  in  palling  it  I  would  come  no  nearer  than 
twelve  or  fourteen  Fathoms :  I  would  anchor  to  the  Weft,  with  the 
Point  E.  or  E.  by  S.  in  nine  or  ten  Fathoms. 

N.  B.  It  flows  at  the  Nefs  S.  E.  by  S.  and  N.  V/.  by  N.  the  Tide 
runs  to  the  Eaftward  till  Two  o’Clock  Full  and  Change. 

Q  What  is  the  Courfe  from  Dungenefs  to  Beachy  Head?  and 
what  Dangers  are  there  ? 

A  From  the  Nefs  to  Beachy  the  Courfe  is  W.  S.W.  Diftance 
eight  or  nine  Leagues :  there  is  a  Shoal  between  them  called  Pe- 
venfey  Sand  ;  and  has  on  it  at  Low-water  and  Spring,  not  twelve 
feet ;  it  lays  about  E.  by  N.  from  Beachy,  and  S.  half  W.  from  Pe- 
venfey  Caftle,  Diftance  from  the  Shore  about  two  Miles. 

N.  B.  It  flows  off  Eeachy  and  in  the  Offing  N.  by  W.  eleven 
Hours,  and  S.  by  E.  eleven  Hours. 

Q  Suppofe  you  were  off  Beachy  Head,  bound  down  the  Chan¬ 
nel,  and  the  Wind  came  to  the  South  ;  what  would  you  do  ? 

A.  As  the  Variation  is  in  my  Favour,  I  would  trim  all  lharp,  and 
ftand  to  the  Weftward,  and  I  judge,  if  it  did  not  over-blow,  I  fnould 
clear  all. 

Being  off  Beachy  Head  with  a  Gale  of  Wind  atN.  E.  bound 
to  Spithead,  and  at  the  Clofe  of  the  Evening,  what  is  belt  to  be 
done  ? 

A.  I  would  lic-to  with  my  Ship’s  Head  to  the  N.  N.  W.  till 
Morning,  then  ffie  would  drive  about  a  Channel  Courfe,  at  the  Rale 
of  two  Miles  an  Hour,  allowing  what  {he  would  lofe  on  the  ebb, 
file  would  gain  on  the  flood,  and  be  in  a  fair  Way  in  the  Morning; 
I  muft  come  no  nearer  the  Oars,  than  eighteen  or  nineteen  Fa¬ 
thoms. 

\n  cafe  you  were  bound  clown  the  Channel,  and  the  Wind 
blows  freffi  at  N.  E.  how  would  you  unmoor  your  Ship  ? 

A.  I  would  veer  away  upon  my  beft  B offer ;  the  wind  would  fet 
the  fhip  a-head,  and  eafe  my  heaving  in  iny  fmall  Bower. 

In  fading  from  Beachy  to  the  ifie  of  Wight,  what  Courfe 
would  you  fteer,  and  what  Dangers  are  there  ? 

A.  The  Courfe  is  W.  byS.  Diftance  fixtcen  orfeventeen  Leagues. 
The  Dangers  between  them  are  the  Eaft  Borough-head,  which  lies 
from  Arundel  S.  S.  W  feven  miles,  and  the  Oars  which  lie  from 
Chichefter  Church  S.  S.  E.  four  Leagues.  The  leading  Marks  to 
carry  you  clear  of  the  Oars,  are  Dunnofe  Point  W.  or  W.  by  N. 
and  Culver  Clifts  N.  W.  by  W.  or  W.  N.  W.  when  Chichefter 
Churcn  bears  W .  by  3Sl.  I  am  to  the  Northward  of  the  Oars. 

V,  hat  are  neceffary  to  be  obferved  in  failing  into  Spithead  ? 

A.  If  I  were  bound  into  Spithead,  after  I  am  to  the  Weftward 
of  the  Oars,  I  would  fteer  N.  W.  by  W.  or  Wr.  N.  W.  and  open 
Sandown  Caftle  with  the  Culver  Clifts,  till  I  could  fee  St.  Helen’s 

Church 
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Church  a  Sail’s  Breadth  or  two,  open  with  the  Bed  Clifts  of  Bem- 
bridge  Point,  and  that  will  clear  the  Ledge  ;  then  by  fleering  N.  W. 
for  the  Buoys,  I  fhould  fee  the  Gilkickers,  muft  keep  them  in  one, 
and  that  will  lead  me  between  the  Buoys  of  the  Warners  and  of 
the  Dean,  and  then  on  Pcrtfdown  1  fhall  fee  a  large  Chalk-pit,  that 
and  South-fea  Caflle  in  one,  will  lead  me  clear  up  to  Spithead,  be¬ 
tween  the  Buoy  of  the  Horfe  and  No-man’s  Land. 

£0.  in  turning  into  Spithead,  what  do  you  obferve,  and  how  do 
you  come  to  an  Achor  there  ? 

A.  I  may  open  the  Kickers  each  way,  but  in  cafe  a  Fleet  be  at 
Spithead  that  fhould  obftrucl  the  Sight  of  them  each  Way  from  me, 
there  is  a  Mark  on  the  Top  of  the  Down  on  the  Wight  -,  by  keeping 
that  open  above  the  Trees,  it  will  carry  me  clear  up  to  Spithead  ;  and 
when  the  faid  Mark  bears  S.  W.  or  S.  W.  by  S.  1  am  abrealt  of  the 
Horfe :  i  muft  come  no  nearer  to  it  than  feven  Fathoms  ;  nor  to 
No-man’s  Land  than  twelve  or  thirteen  Fathoms.  1  would  anchor 
at  Spithead  with  the  Kickers  N.  W.  the  Ride  W.  S.  W.  and  South- 
fea  Caflle  E.  by  N.  or  E.  N.  E.  in  eight,  nine,  or  ten  Fathoms. 

£$).  How  would  you  come  to  an  Anchor  at  St  Helen’s  ? 

A.  I  would  keep  Sandown  Caflle  juft  open  with  the  Culver  Clifts, 
till  l  fhould  bring  St  Helen’s  Church  a  Sail’s  Breadth  open  of  the 
lied  Clifts  of  Bembridge  Point,  or  Ledge,  (there  are  fix  or  feven 
Fathoms  Water)  and  anchor  with  the  Church  on  the  S.  W.  by  W. 
or  W.  S.  W.  in  eight  or  nine  Fathoms. 

i£.  Suppofe  you  were  were  moored  at  Spithead,  with  a  Cable  and 
a  Half  on  the  belt  Bower,  and  one  on  the  fmall  Bower,  and  you 
have  orders  to  fail ;  at  what  Time  of  Tide  would  you  unmoor  ?  and 
which  Anchor  would  you  take  up  firft  ? 

A.  I  would  begin  to  unmoor  at  the  firft  of  the  Flood,  and  take  up 
my  fmall  Bower  firft. 

In  failing  round  the  Wight,  what  are  your  Obfervations  ? 

A.  To  keep  clear  of  Ride  Middle,  I  would  keep  South-fea  Cafde 
a  Sail’s  Breadth  open  of  the  Kickers,  till  1  open  Weft  Cowes  Caflle, 
till  1  am  two  thirds  over;  then  fleer  diredlly  for  Hurft  Caflle,  and 
when  abreaft  of  it,  borrow  pretty  near  it,  and  then  fleer  right  for 
the  Needles  Point:  great  Regard  muft  be  had  to  the  Tides,  for  the 
Flood  fets  on  the  Needles,  and  the  Ebb  on  the  Shingles. 

N.  B.  It  flows  at  St.  Helen’s  nine  Hours  at  the  Full  and  Change, 
and  when  it  is  half  Water,  you  have  a  Tide  to  work  it  with  ;  there 
is  a  Shoal,  called  the  Weft  Middle,  about  two  Miles  W.  by  N.  half 
N  from  Ride  Middle  ;  it  lies  S  E.  and  N.  W.  about  a  Mile  and  a 
half  in  Length,  and  has  but  twelve  Feet  at  Low-water ;  when  you 
are  abreaft  of  the  N.  W.  Part  of  it ;  Calfhot  Caflle  is  N.  N  W.  half 
W.  Soulh-fea  Caflle  will  then  carry  you  clear  of  it,  if  you  keep  it 
a  Sail’s  Breadth  to  the  Southward  of  the  Gilkicker  Point.  The 
Brambles  is  a  Shoal  that  lies  N.  N.  W.  from  the  Weft  Middle,  Part 
of  it  is  dry  at  Low-water.  If  you  fail  to  the  N.  W.  of  the  Weft 

Middle, 
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Middle,  you  fail  between  it  and  the  Brambles,  leaving  the  Brambles 
on  the  btarboard  Side.  When  you  come  to  the  Weft  of  Cowes- 
^aftle,  you  muft  give  it  a  good  Birth,  by  Reafon  of  a  Ledge  of 
locks  tnat  lie  ofr  from  it.  There  is  Warding’s  Rock  that  lies  on 
fe/  and  Side  ;  to  keep  clear  of  which,  you  muft  keep  the  Vanes 
or  the  Windmill  that  is  on  the  Me  of  Weight  in  Sight ;  and  that  will 
carry  you  clear.  When  you  come  near  the  Needles,  give  them  a 
good  Birth  to  avoid  the  Chalk  Rock  :  You  will  have  in  the  Fair-way 
nine  or  ten  Fathoms  ;  but  when  you  come  to  the  Chalk  Rock  you 
will  have  but  four  Fathoms. 

If  you  are  bound  or  forced  into  Portland,  what  Precautions  are 
neceftary? 

-p  take  Care  of  the  Shambles  ;  they  lie  about  E.  by  S.  or 

^  .  .  E.  three  Miles  from  the  Bill  of  Portland,  and  have  but  14  or 
15  beet  on  them  at  low  Water.  To  go  into  the  Road,  I  muft  keep 
eymouth  Caftle  open  with  the  Eaftermoft  Part  of  Portland,  or 
open  with  the  Stone-pier,  and  run  until  1  bring  the  Eaftermoft  Part 
o  ort  and  S.  by  E.  or  S.  S.  E.  in  8  or  9  Fathoms;  keep  Week 
Church  open,  and  that  will  carry  you  clear.  It  flows  from  the  Road 

F.  l\  Hours.  The  Light-houfes  bear  from  each 
other  N.  and  S.  the  Flood  fets  right  off  the  Bill  9  Hours. 

.  b.  In  cafe  you  fhould  be  embayed  to  the  Weftward  of  Port¬ 
land,  and  no  Poffibility  of  getting  out,  between  Burton  and  Chifeil, 
P  uf  **  f 9  Hours,  and  flows  only  3,  there  is  a  fteep  Beach  of 
e  es,  there  run  your  Ship  on  Shore  with  as  much  Sail  as  you  can 
carry,  e  pecially  at  the  beginning  of  an  Ebb,  and  remain  on  board 

*or  rff  °r  ^0UI  ^eas>  an(f  y°u  may  get  on  Shore  fafely. 

“v;  How  would  you  anchor  in  Torbay? 

A.  Bring  the  Bury- head  to  S.  by  E.  or  S.  S.  E.  and  let  go  my  An¬ 
chor  m  8  or  9  fathoms  Water. 

What  is  to  be  obferved  in  failing  into  Plymouth  Sound? 

A.  If  coming  from  the  "V/ eftwaref,  and  am  got  round  the  Ram- 
ea  ,  I  muft  give  Penlee  Point  a  good  Birth,  by  Reafon  of  a  Ledge 
or  Rocks  that  lies  off  from  it;  then  haul  N.  N.  E.  £  E.  For  an- 
c  loimg,  the  beft  Mark  is  Mount  Edgecumbe  juft  open,  the  Withy 
Hedge  right  up  and  down,  and  St.  Nicholas’s  lfland  N.  W.  the  lead¬ 
ing  Mark  is  Plymouth  Church  open  with  the  Weft  Part  of  the  Ci- 
Yd,  Fhe  Dangers  going  in  are,  the  Swift-fure  N.  by  W.  one 
C  fnc^  i1  an^  about  half  a  Mile  E.  Southerly  from  that  is 

\  e  ^  ;  there  is  a  Buoy  on  each  of  them,  and  hut  17  Feet  at 

low  Water;  muft  leave  them  on  the  Starboard  Side. 

,  are  l^e  Hangers  failing  into  Falmouth  Harbour,  and  the 

beft  W ay  to  avoid  them  ? 

A.  The  Dangers  are  the  Manaeles.and  the  Falmouth  Rock.  The 
Manacles  lie  S.  and  S.  by  W.  from  Falmouth  Harbour  ;  and  the 
Kock  is  known  by  a.Pole  Handing  on  it,  and  lies  neareft  the  Weft 
^nore.  Ihe  beft  going  in  is  on  the  Eaft  Side  of  the  Rock ;  it  is  a 

C  c  narrow 
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narrow,  deep  Channel,  which  I  may  fail  up  by  the  Lead,  and  borrow 
to  St.  Mawe’s  Side  to  5  or  6  Fathoms  Water  ;  the  Eaft  Side  is  the 
fhoitcft.  1  he  beft  Anchoring  is  in  CarrickRoad,  St.  Mawe’s  Caftle 
bearing  E.  S.  E.  laying  my  Eaftermoft  Anchor  in  18  Fathoms,  and 
my  Weftermoft  in  6  or  7  Fathoms. 

Jg.  What  are  the  Dangers  that  lie  off  the  Lizard  and  the 
Land’s  End  ? 

A.  Many.  iff.  The  Rundleftone  is  a  Rock  that  lies  almoft  to 
the  South  Eaftward  of  the  Land’s  End,  Diftance  about  4  Miles  ;  to 
avoid  it,  I  muff  keep  the  Tower  of  the  Church  that  (lands  on  the 
Land’s  End  open,  and  that  will  carry  me  clear  of  it  ;  but  if  I  keep 
fo  near  the  Land  as  to  hide  the  Church,  then  I  go  between  the  Land 
and  the  Rock  ;  and  when  I  am  a-breaft  of  the  Red  Clifts  that  are  by 
the  Water  Side,  then  I  am  a-breaft  of  the  Rock.  2dly,  The  Vaule 
is  a  Rock  that  lies  about  S.  S.  W.  of  the  Land’s  End,  Diftance  3 
Leagues,  and  makes  like  the  Bottom  of  a  Ship  at  half  Tide.  There 
are  43  Fathoms  Water  clofe  to  it  on  either  Side.  3dly,  The  Gulph 
or  Wolf  Rock  lies  from  the  Lizard  about  Weft,  Diftance  10  Leagues, 
and  from  the  Land’s  End  S.  S.  W.  Diftance  4  Leagues  ;  it  is  peaked, 
and  appears  above  Water  at  half  Tide;  round  about  it  is  a  clear 
Ground.  4thly,  Brefon  lies  from  the  Land’s  End  about  N.  or  N.  by 
W.  diftance  5  Leagues.  5thly,  The  Seven  Stones  are  a  Row  of 
Piocks  that  come  not  above  Water,  but  the  Sea  always  breaks  over 
them  :  They  lie  from  the  Land’s  End  W.  \  S.  Diftance  7  Leagues, 
and  from  St.  Martin’s  Head,  Scilly,  N.  E  Diftance  3  Leagues. 

ey.  How  does  the  Land’s  End  appear  when  you  firft  make  it? 

A.  It  appears  Hummocks,  with  a  Church  on  it ;  and  may  be  feen 
in  54  Fathoms  Water  8  or  9  Leagues  off. 

J9.  How  do  you  know  the  Lizard  when  you  firft  make  it? 

A.  It  is  the  Southermoft  Land  on  the  Coaft,  and  may  be  feen  7  or 
8  Leagues  off,  in  42  Fathoms  Water. 

If  you  were  forced  into  Mount’s  Bay,  where  would  be  the  fafeft 
anchoring  Ground  ? 

A.  Mount’s  Bay  lies  between  the  Lizard  and  the  Land’s  End  ;  on 
the  Eaft  Side  of  it  is  a  high  Ifland,  and  on  the  Weft  a  Caftle,  called 
St.  Michael’s  Mount.  From  the  Eaftward  of  the  Bay  lies  a  Ledge 
of  Rocks  near  a  League  into  the  Sea  ;  the  Coaft  is  full  ofPmcks,  and 
not  fafe  to  anchor  in.  To  fail  into  this  Place  I  muft  bring  St.  Paul’s 
Steeple  V\r.  N.  W.  keep  over  to  the  Weft  Shore,  and  make  St. 
Clement’s  Iftand,  which  is  before  the  Town  of  Moufebo'es,  having 
the  Caftle  on  the  Starboard  Side  :  I  (hall  then  fee  a  large  Sandy  Bay; 
and,  when  within  the  Iftand,  there  is  good  anchoring  in  7  or  8  Fa¬ 
thoms  Water,  Land-locked  from  all  Winds  but  a  S.  E.  Wind. 

^  What  are  the  Dangers  going  into  Scilly,  and  the  beft  Marks  to 
avoid  them  ? 

A.  St.  Mary’s  Sound  is  the  beft  Way  into  Scilly.  St.  Mary’s 
Ifland  lies  on  the  S.  E.  Side, -and  hath  a  Garrifon  thereon,  and  a  Wind¬ 
mill 
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foill  a-breaft  of  it.  The  Dangers  are,  i  ft.  The  Spanifli  Lodge,  which 
I  muft  leave  on  the  Larboard  Side,  near  Smith’s  Ifland ;  it  {hews  it- 
felf  in  bad  Weather  ;  andthe  nextis  Norman’s  Rock,  on  the  Starboard 
Side,  above  a  Cable’s  Length  from  the  firft.  From  St.  Mary’s  Ifland, 
a  little  without  the  Eaftermoft  Point,  the  Mark  to  lead  me  is  to  keep 
the  Vanes  of  the  Windmill  upon  a  Line  with  the  two  Rocks  that  lie 
on  the  Weft  Side,  fo  that  I  may  go  between  them  into  the  Fair- way. 

Direction  for  Working  a  Ship  in  all  difficult  Cafes  that  probably 

may  happen  at  Sea. 

Q  Suppofe  your  Ship  is  lying  at  Spithead,  and  the  Wind  at  N.  E, 
at  what  Time  of  the  Tide  would  you  unmoor  ? 

A.  As  foon  as  (he  tends  to  the  Ebb,  I  would  veer  away  upon  my 
fmall  Bower,  and  take  up  my  beft  Bower. 

How  do  you  unmoor  ? 

A.  I  would  turn  all  Hands  up,  fee  all  clear  below,  rig  the  Davit  *, 
overhaul  theCatt  and  Fifti,  {hip  the  Bars  and  Pins ;  then  fend  fome 
Elands  down  to  the  Cable,  clap  the  Stoppers  on  the  beft  Bower  be¬ 
fore  I  unbit  it;  then  rouce  down  the  Slack,  bring  to  the  Vial,  and 
heave  taught;  then  clap  the  Stoppers  on  the  fmall  Bower  before  the 
Bits,  and  unbit.  If  there  is  a  frefh  Breeze,  I’ll  veer  with  it  bited; 
then  heave  on  the  beft  Bower  till  it  is  above  the  Surface  of  the 
Water,  then  pall ;  out  Bars,  hook  the  Cat,  haul  it  taught,  and  furge 
the  Vial,  then  flick  out  the  Cable  below  ,  belay  the  Cat,  pafs  the 
Stoppers,  and  haul  the  Fifh  by  Eland  ;  then  hook  and  bouce  to  the 
Stock,  belay  the  Fifn,  haul  in  the  Buoy  and  Rope,  and  pafs  my 
Shank  Painters  ;  then  flack  the  Cat  and  Filh,  unhook  the  Anchor,  and 
fee  all  clear  for  letting  it  go  again.  I  would  likewife  bit  the  beft 
bower  with  a  Range,  rig  the  Davit  out  on  the  other  fide  for  the 
fmall  Bower,  lift  the  Capftain,  flhift  the  Vial,  and  proceed  as  before. 
If  it  does  not  blow  hard,  I  would  loofe  the  Top-fails,  and  when  the 
Anchor’s  a-pe2k,  or  when  I  think  myfelf  near  enough  without  trip¬ 
ping  it,  I  would  haul  home  my  Top-fail -fheets  and  hoift  them. 

How  do  you  caft  a  Ship  ? 

A.  If  I  am  to  caft  the  Ship  to  Starboard,  would  haul  my  Larboard 
Braces  forward,  and  let  my  After-yards  lie  fquare  :  I  may  hoift  the 
Fore- top- maft-ftay-fail,  and  keep  the  Sheet  to  windward  to  help 
her.  If  I  am  to  caft  her  to  Port,  I  would  haul  in  the  contrary 
Braces ;  when  caft,  fill  the  Head-fails,  and  brace  up  as  Circumftances 
require. 

N.  B.  If  the  Ship  is  Wind-rode,  as  foon  as  the  Anchor  is  right  up' 
and  down,  put  the  Helm  the  Way  you  would  have  her  caft,  letting 
in  the  fame  Braces  abaft,  and  the  contrary  forward;  but  if  fhe  isTide- 
roae,  put  your  Helm  the  contrary  Way  to  which  you  would  have  her 

*  Note.  I  have  given  this  in  the  Terms  commonly  ufed  at  Sea;  an  Expla¬ 
nation  of  which  is  given  further  on. 

c  c  2  caft. 
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call,  and  fet  in  your  Braces  forward.  Which  ever  Way  your  Helm 
is,  your  Braces  abaft  mult  be  the  contrary. 

How  would  you  tack  a  Ship  with  all  her  Sails  fet  ? 

A.  I  would  hand  down  the  Lee-bow-lines,  flretc’n  along  the  Wea¬ 
ther-braces,  haul  taught  the  Weather-fheet  and  Lee-tacks  j  then  put 
the  Helm  to  Lee  ;  let  go  theFore-fheet  and  Fore-tcp-bow-linc,  Jibb, 
and  Stay-fail-fheets  :  When  the  Fore-top-faii  touches,  brace  to  and 
help  her.  When  aback,  brace  and  help  her.  When  the 
Wind  is  out  of  the  After-fails,  raife  the  Tacks  and  Sheets,  fhift 
the  Stay-fail-tacks,  and  haul  over  the  Stay-fail- fheets.  When 
the  Wind  is  a-head,  haul  the  Main-fail.  If  flie  has  Stern¬ 
way,  fhift  the  Helm,  fquare  the  Sprit-fail-yard,  haul  on  board 
the  Main-tack,  and  aft  the  Main- fheet ;  brace  up  the  Main-vard; 
when  the  After-fails  are  full,  let  go  and  haul  :  Haul  cn  board  the 
Fore-tack,  keep  in  the  Weather-braces  forward,  and  let  her  come 
to  ;  then  brace  up,  haul  aft  the  Fore-fheet,  Jibb,  and  Steering-fails, 
fet  the  Back-ftays  up,  and  haul  the  Bow-lines;  then  haul  taught  the 

Weather-braces,  Lee-tacks,  and  Weather- fheet. - Note:  Should 

the  Wind  take  me  a-head,  1  may  haul  the  After- fails  about,  fhift  the 
Mizen-fheet  and  Stay-fail-tacks,  and  then  work  the  Ship  the  fame 
Way  as  in  Tacking. 

j9.  How  would  you  tack  a  Ship  under  her  three  Top-fails  ? 

A.  I  would  put  the  Helm  to  Lee,  keep  fail  the  Fore -top-bow¬ 
line  ;  when  the  Fore-top-fail  touches,  brace  to  and  help  her ;  when 
the  Wind  is  a-head,  haul  the  Main-top-fail,  and  fhilc  tbe  Helm  ;  then 
brace  up  the  Main-yard,  and  haul  the  Main-top-bow-line.  When 
the  After-fails  are  full,  let  go  and  haul  :  Keep  in  the  W eather-braces 
forward,  and  when  fire  comes  to,  brace  up  and  haul  the  Main-top- 
bow  line  and  Weather-braces. 

How  would  you  veer  a  Ship  with  all  her  Sails  fet  ? 

A.  I  would  haul  the  Mizen  up,  and  the  Mizen- fcay-fails  down, 
hard  a  Weather  the  Helm,  fhiver  the  Mizen-top-fail,  let  go  the 
Main,  and  Main-top-bow-lines,  eafe  off  the  Main-fheet,  the  Lee- 
main-brace,  and  round  in  the  Weather  braces.  When  the  Wind  is 
abaft  the  Beam,  eafe  the  Main-tack  ;  when  the  Wind  is  aft,  fquare 
the  Head-fails,  and  get  the  Tacks  cn  board;  get  aft  the  Sheets, 
fhift  the  Jibb  and  Stay-fail  fheets  over  the  Stays,  and  as  fhe  come* 
to,  haul  the  Mizen  out,  and  haul  aft  the  Mizen-ftay-fail  fheet,  brace 
the  Head-yards  up,  haul  the  Bow- lines,  and  trim  all  fharp.  If  a 
frefh  Wind,  it  is  proper  to  fhorten  Sail  ;  in  Top  gallant-fails,  down 
Jibb  and  Steering-fails,  take  two  Picefs  in  the  Top-fails.  If  it  conti¬ 
nues  to  blow  harder,  in  Top-fails  ;  I  would  take  in  the  Fore-top-fail 
firft,  becaufeit  will  eafe  the  Ship  forward  ;  for  when  it  blows  hard  we 
generally  have  a  Head-fea,  and  fhe  keeps  to  the  better.  Let  go  the 
Fore-top-bow-iine,  lower  away  the  Haul-yards,  eafe  away  the  Lifts, 
haul  in  the  Weather- braces  when  the  Yard  is  down,  eafe  away  the 
Lee-fheet,  and  haul  the  Clue-line^md  Bunt-iine  c  cfe  up  ;  then  flart 

the 
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the  Weather-Sheet,  and  cine  it  clofe  up,  lye-to,  and  furl  the  fail: 

1  hen  take  in  the  Main-top-fail,  and  the  Ship  is  under  her  Courfes. 
How  would  you  veer  a  Ship  under  her  Courfes  ? 

A.  Haul  up  the  Mizen,  and  down  the  Mizen-ftay- fail,  put  the 
Helm  a-weather,  eafe  off  the  Main  fheet,  (or,  if  it  blows  hard,  hand 
it)  let  go  the  Lee-main-braces  and  Bow-lines,  as  fhe  falls  off  gather 
in  the  Weather-braces.  When  the  Wind  is  abaft  the  Beam,  raife  the 
Main-Tack  ;  and  when  the  Wind  is  almoft  right  aft,  haul  aft  the 
Main-fheet,  and  brace  up  the  Yard;  and  when  fhe  is  before  the  Wind, 
fquare  the  Head-fails,  haul  over  the  Fore-top-fail  fheet,  get  aboard  the 
Fore-tack,  drift  the  Helm,  gather  aft  the  Fore-fheet,  as'fhe  comes  to, 
haul  the  Mizen  out  to  eafe  her,  trim  all  fharp,  haul  the  Bowlines. 

Q  How  would  you  veer  a  Ship  under  a  Main- fail,  the  Fore- day- 
fail  being  blown  away  ? 

A.  To  lay  to  upon  the  other  Tack  I  mud  watch  the  Ship’s  falling 
off,  put  the  Helm  a-weather,  and  as  die  falls  off  eafe  off  the  Sheet ; 
but  if  that  will  not  do,  I  would  get  fome  Hands  up  in  the  Fore  fhrouds 
with  Tarpaulins  ;  if  fhe  will  not  a  eer  with  this  Method,  I  would  haul 
aft  the  Main-fheet  again,  and  lay  her  to  as  before,  and  then  get  a  Piece 
of  Canvafs,  and  lafh  it  round  the  Lee-quarter  of  the  Sprit  fail-yard, 
and  top  the  Yard  up  as  much  as  pcffible  to  prevent  the  Sail  from  fill¬ 
ing  with  Water  when  it  is  loofed.  When  the  Ship  falls  off,  put  the 
Helm  a  weather,  cad  loofe  the  Lee-yard- arm  of  the  Sail,  and  haul  aft 
the  Sheet,  and  as  the  Ship  falls  off,  eafe  off  the  Main-fheet,  and  gather 
aft  the  Weather-brace  ;  raife  the  Tack,  and  gather  aft  theSheet,  and 
when  the  Ship  is'before  the  Wind,  get  on  board  the  other  Tack,  aft 
the  Sheet,  fquare  the  Sprit-fail-yard,  furl  the  Sail,  eafe  down  the  Helm, 
haul  clofe  aft  the  Main-fheet,  brace  up  fharp,  and  haul  the  Bow- line. 
Q  Suppofe  fhe  will  not  veer  for  ail  this  ? 

A.  Ihen  I  would  loofe  the  Goofe-wings  of  the  Forefail;  if  that 
will  not  do,  fet  the  Forefail,  and  veer  her  as  under  Courfes,  or  haul 
the  Main-fail  up  ;  if  by  hauling  the  Main  fail  up  and  handing  it  fhe 
will  not  wear,  dnke  the  Mizen-yard  lower  down,  drike  the  Crofs- 
jack-yard  and  Mizen-top  mad  ;  and  if  that  will  not  do,  cut  away 
the  Mizen-mad. 

ijjh  Flow  would  you  proceed  if  a  Top  fail  fpiits  ? 

A.  Let  go  the  Bow- lines,  and  lower  away  the  Haul -yards,  clue  up 
the  Lee-fheet,  and  haul  up  the  Bunt-lines,  dart  the  V/eather-fheet, 
haul  in  the  Weather-brace,  belay  the  Clue  line,  Bunt-line,  and 
Brace,  unbend  the  Sail,  and  bend  another,  then  either  furl  or  let  it 
as  Circumdances  require. 

4>.  Suppofe  it  blows  hard  and  ycu  fplit  your  Main  fail,  what 
would  you  do  ? 

A.  1  would  haul  it  up,  and  fettle  the  Yard  ;  unbend  the  Sail,  and 
bend  anoiher  ;  get  aboard  the  Main -tack,  and  att  the  Sheet,  and  then 
fway  the  Yard  up.  The  Sail  being  a  back  will  prevent  its  fluttering. 
Let  the  ^ail  fill,  which  will  help  and  make  the  Yard  go  up  the 

eafier  3 


20 6  EXAMINATION  OF  A 

eafier ;  while  I  am  doing  this  the  Mizen-ftay-fail  fhould  be  fet. 
When  the  Sail  is  full,  and  the  Wind  blows  hard,  get  a  Tackle  on  the 
Weather-leach  to  fecure  the  Tack,  and  Preventer-fheets  j  but  in 
fmall  Ships  they  get  the  Lee-tacks  for  Preventer-fheets. 

j^.  How  do  you  reef  the  Top- fails  ? 

A.  I  would  let  go  the  Bow-lines  and  Lee-brace,  lower  the  Haul- 
yards,  haul  down  upon  the  Clue-lines,  and  in  the  Weather- braces, 
clear  away  the  Lift,  and  R.eef-tackles  ;  when  the  Yards  arc  down  by 
the  Lifts,  haul  out  the  Reef-tackles  according  to  the  Number  of  Reefs 
I  am  going  to  take  in  ;  haul  in  the  Weather-braces  fo  as  to  have  the 
Wind  out  of  the  Sail ;  then  haul  taught  the  Lee-braces  for  the  firft 
Reef,  clue  the  Sails  well  up  before  the  Yards,  and  have  the  Points 
well  abaft  the  Yards  and  in  fecond  Reefs ;  and  if  for  the  third 
Reefs,  keep  the  firft  and  fecond  Reefs  well  up  before  the  Yard,  and 
haul  the  Points  of  the  third  Reef  aft;  I  muft  haul  the  Weather- 
earing  out  firft,  and  mind  to  take  the  Turns  clear,  and  not  to  jamb 
them  in  taking  the  third  Reef.  If  it  blows  hard  it  is  beft  to  clue  the 
Top-fail  up. 

How  would  you  box  a  Ship  off? 

A .  Put  the  Helm  to  Weather,  haul  up  the  Mizen,  and  down  the 
Mizen-ftay-fail,  raife  the  Fore-tack,  let  go  the  Fore  and  Fore-  top  bow¬ 
lines  and  Fore-fheet,  round  in  the  Weather-braces  forward,  haul 
the  Jibb  and  Stay-fail-fheets  in  flat  forward,  and  up  the  Lee  bow¬ 
lines:  If  fhe  has  Stem-way,  put  the  Helm  to  Lee  :  When  fhe  pays 
off,  and  the  After-fails  are  all  full,  eafe  off  the  Jibb  and  Stay-fail- 
Iheets  ;  brace  about  the  Head-fails,  and  bring  on  board  the  Foie- 
tack  ;  but  if  flie  has  Head-way,  right  the  Helm,  and  tend  her  com¬ 
ing  to  ;  then  brace  up  fharp,  haul  the  Bow-lines. 

6).  Suppofe  you  are  on  a  Wind,  clofe  upon  the  Land,  and  ftanding 
on  muft  run  on  Shore,  and  you  can  clear  the  Land  on  the  other 
Tack  ;  but  it  blows  hard,  and  a  Head-fwell  that  {he  won’t  ftay,  and 
fhould  you  veer  you  would  be  on  Shore,  how  will  you  get  upon  the 
other  Tack  ? 

A.  Some  would  fay  I  fhould  club-haul  her.  This  is  done  by 
putting  the  Helm  to  Lee,  and  letting  go  the  Lee-anchor,  and, bring 
her  up.  Head  to  Wind,  cut  the  Cable,  and  haul  about  the  After- fails ; 
and  when  they  are  full,  brace  about  the  Head-fails,  haul  on  board 
the  Fore-tack,  and  brace  up  the  other  Way ;  but  that  which  is  molt 
common  is,  by  Box-hauling  her. 

6).  How  would  you  Box-haul  a  Ship  ? 

A.  If  fhe  refufed  Stays,  I  would  haul  the  Mizen  up,  haul  about  the 
After-fails,  and  let  go  the  Weather-bow-iines  forward  ;  haul  the 
Lee-bow-lines,  fet  in  the  Weather-braces,  and  keep  the  Head-fails 
a-back  to  prevent  the  Ship’s  having  Head-way,  by  which  means  fhe 
will  pay  round  in  her  Length.  I  muft  obferve  to  keep  the  Helm 
a-lee,  by  Reafon  fhe  will  have  Stern-way,  and  as  fhe  falls  off,  muft 
keep  the  After-fails  fhivering  ;  when  fhe  is  before  the  Wind,  brace 

up 
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wp  abaft,  and  get  aboard  the  Fore-tack,  and  as  file  comes  to,  haul 
the  Mizen  out,  and  trim  (harp. 

6).  Suppofe  you  are  upon  a  Wind,  and  let  the  Ship  come  up  in 
£he  Wind,  and  are  all  a-back,  what  would  you  do  ? 

A.  Haul  the  Mizen  up,  let  go  the  Main  and  Adain-top-bow-lines, 
the  Lee-main  and  Main-top-fail-braces,  and  lay  allfquare  abaft;  put 
the  Helm  to  Weather  if  (he  has  Stern-way;  when  the  Wind  is 
abaft,  ftiift  the  Helm;  and  as  the  gets  Head-way,  haul  in  a  little  of 
the  Starboard  Braces  abaft,  haul  the  Mizen  out,  and  brace  fharp  up 
abaft,  and  haul  the  Bow-lines,  and  then  I  am  on  the  fame  Tack  as 
before. 

If  by  Accident  your  Ship  were  brought  by  the  Lee,  what 
would  you  do? 

A.  When  a  Ship  is  brought  by  the  Lee,  it  is  commonly  occafioned 
by  a  large  Sea,  and  by  the  Negleft  of  the  Helm’s-man.  When  the 
Wind  is  two  or  three  Points  on  the  Quarter,  the  Ship  taking  a  Lurch, 
brings  the  Wind  on  the  other  Side,  and  lays  the  Sails  all  dead  to  the 
Maft  ;  as  the  Yards  are  braced  up,  fhe  then  having  no  Way,  and  the 
Helm  being  of  no  Service,  1  would  therefore  brace  about  the  Head- 
fails  fharp  the  other  Way,  then  haul  the  Main-fail  up,  and  juft 
keep  the  Main  and  Main-top-fail  {hivering :  When  fire  gathers 
Way,  and  brings  the  Wind  aft  again,  raife  the  Fore-tack,  and  fquare 
the  Head  fails  ;  trim  the  Sails  as  they  were  before,  and  bring  her  to 

her  Courfe  again  handfomely. - N.  B.  It  is  dangerous  to  bring  a 

Ship  by  the  Lee  in  a  Gale  of  Wind  ;  for  fhe  lying  entirely  againft 
the  Sea,  her  Sails  can  be  of  no  Service  till  braced  about. 

Suppofe  you  were  upon  a  Lee  (hore,  and  had  neither  Room  to 
veer  or  ftay,  -nor  any  anchoring  Ground,  how  would  you  put  the 
Ship’s  Head  round  the  other  Way  ? 

A.  I  would  put  my  Helm  hard  to  Lee,  and  when  fhe  comes 
Head  to  Wind,  raife  the  Main  and  Fore-tacks  direftly,  make  a  Run 
with  my  Weather-braces,  and  clap  all  back  at  once;  then  haul  for¬ 
ward  the  Lee-tacks  and  Bow-lines  as  far  as  I  can,  that  the  Ship  may 
fall  round  on  her  Heel  ;  and  when  the  Main-fail  begins  to  fhiver,  l 
would  haul  it  up,  and  fill  my  Head-fails,  and  fhift  the  Helm  hard  a- 
weather;  then  when  the  Wind  comes  on  the  other  Quarter,  haul  on 
board  the  Main-tack,  and  bring  her  clofe  to  the  Wind. 

Suppofe  you  were  upon  a  Lee  fhore,  and  had  neither  Room  to 
wear  or  ftay,  and  you  had  anchoring  Ground,  what  would  you  do  ? 

A.  When  I  fee  the  Danger,  I  would  take  a  good  Hawfer  and  lead 
it  out  of  one  of  the  Quarter-ports,  and  bend  it  to  the  Anchor  to  Lee¬ 
ward  ;  the  other  Part  I  would  bring  to  the  Capftan,  and  fiiip  the 
Bars,  and  when  I  go  to  tack,  clap  my  Helm  a-lee  :  As  foon  as  the 
Wind  is  out  of  the  Main-fail  haul  it  up,  and  then  let  go  the  Anchor, 
and  heave  on  the  Spring  to  caft  her  ;  becaufe  the  Cable  fhould  not 
check  her  when  (he  comes  Head  to  Wind:  Brace  about  the  Main- 

yard 
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y-rd,  haul  on  board  the  Tack,  and  cut  away  the  Cable  and  Spring  ; 
when  .the  Main-fail  fills,  fet  the  Fore-fail;  haul  aboard  the  Tack, 
and  trim  her  to  the  Wind. 

4^-  Suppofe  it  blows  hard,  and  you  cannot  carry  your  Courfes, 
Night  coming  on,  and  it  is  likely  to  blow  harder,  what  will  you 

do  ? 

A.  I  would  haul  the  Fore-fail  up  and  furl  it,  balance  the  Mizen 
and  reef  the  Main-fail,  haul  the  Mizen  out  to  keep  her  to,  then  haul 
up  the  Main-due-garnet  and  Bunt-line,  fquare  the  Yard,  and  get 
Stops  round  the  Malt  by  the  Booms  to  hook  the  Yard-tackles  to  for 
Piolling-tackles ;  then  lower  down  the  Yard,  and  reef  the  Sail; 
haul  on  board  the  Tack,  get  aft  the  Sheet  handfomely,  and  fway  the 
Yard  up.  Tend  the  Braces,  bouce  up  the  Bow- line,  and  haul  up 
the  Mizen. 

4^-  You  are  juft  a  breaft  of  Portland,  the  Wind  has  taken  you 
a- back,  and  you  have  not  Time  to  take  in  your  Sails,  for  you  will  be 
cn  Shore  prefently  ;  how  will  you  proceed  ? 

A.  Ii  (lie  has  Head-way  I  will  put  the  Helm  a-we2ther,  let  go  the 
Fore-ftieet  and  Larboard -braces  ;  as  foon  as  the  After  faile  fhiver, 
haul  down  the  Maintop-maft-fteering-fails,  and  if  it  blows  frefti  take 
in  Top-gallant-fails.  Brace  up  the  After-yards ;  when  full,  brace  up 
forward,  and  haul  on  board  the  Fore-tack,  and  trim  all  ftiarp  ;  haul 
taught  the  "Weather-braces,  and  haul  the  Bow-lines. 

j^.  Suppofe  the  Ship  is  under  Top-fails,  and  you  muft  make  all 
the  oail  you  can  ? 

A.  Down  Fore-fail,  hoift  Jibb  and  Stay-fails,  fet  Top-gallant  fails 
and  Royals  fore  and  aft,  fet  Sprit-fail,  and  Sprit  -  Fail- top-fail  and 
Driver;  haul  taught  the  Lee-clew-lines  and  Weather  lifts  2nd 
Braces;  then  rig  our  the  Top- maft-fteering- booms,  and  fend  down 
the  Haul-yards  and  Tacks  ;  then  hoift  up  the  Top-maft-fteering-fails 
and  Top-gailant-fteering-fails,  and  then  fet  the  lower  Steering-fail 
forward, 

4^.  In  cafe  you  were  to  carry  away  your  Maft,  what  Method  would 
you  take  to  get  dear  of  the  Wreck  ? 

A.  I  would  put  my  Helm  a-weather  to  give  the  Ship  fome  Way 
through  the  Water,  and  then  cut  away. 

4^,  euppofe  you  were  to  carry  away  your  Bowfprit,  what  would  you 
do  ? 

A.  Should  that  happen,  or  that  I  ftiould  fpring  my  Bowfprit,  I 
would  immediately  wear  Ship,  and  keep  her  before  the  Wind;  and' 
then,  for  Security  of  the  Foremaft,  I  would  carry  forward  Runners  and 
Tack’es,  and  bouce  them  well  taught,  till  I  can  get  a  Hawfer,  or 
fuilicient  Rope,  and  clench  it  round  the  Mafr-head,  and  fecure  it  to 
the  Biits  of  the  Fore- caftle,  or  to  the  Cat-heads.  • 

4>.  Suppofe  the  Wind  at  S.  W.  and  you  are  well  up  the  Channel, 
making  the  beft  of  your  Way  to  the  Downs,  how  will  you  proceed 
if  it  bio  a  s  hard,  and  you  are  under  a  Main-fail  ? 
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A.  Reef  the  Fore-fail,  and  then  haul  the  Main-fail  up,  and  veer 
Ship,  then  furl  it;  when  before  the  Wind,  fet  the  Fore-fail;  when 
a-breaft  the  Fore-land,  haul  the  Fore-fail  up  and  furl  it,  and  run  in 
under  bare  Poles.  Hook  the  Top-tackle-falls  ;  fee  the  Lee-jeers, 
Top-fail-fheets,  Lifts,  and  all  clear  forftriking  Yards  and  Top-mafts. 
Then  run  into  a  good  Birth,  and  ftrike  Yards  and  Top-mafts:  The 
Sheet-anchor  being  over  the  Side,  and  the  beft  Bower  bitted  with  a 
long  Range,  the  Stoppers,  Ring-ropes,  and  Stream-buoy  all  ready, 
put  the  Helm  to  Port,  haul  the  Mizen  out,  and  let  go  the  beft  Bower, 
and  veer  away  two  Cables  before  I  check  her  ;  then  veer  away  half 
a  Cable  more,  and  bring  her  up.  When  the  Ebb  makes,  I  would  let 
go  the  fmall  Bower  in  nine  Fathoms  Water,  having  Deal-Mill  and 
Deal-Caftle  in  one. 

How  do  you  clear  a  Ship  for  Aflion  ? 

A.  urn  all  Hands  up  to  clear  Ship  ;  up  all  Hammocks,  and  call 
the  (Aiarter-mafters  tg  flow  them  in  the  Netting  and  Gunwale,  in 
the  Wafte,  and  on  the  Fore-caftle  ;  get  the  Hammocks  in  the  Tops, 
they  that  are  quartered  there  ;  down  all  Chefts  into  the  Hold,  take  in 
all  fmall  Sails,  fling  the  lower  Yards  and  Top-fail-yards,  get  the  Pud¬ 
dings  and  Dolphins  about  the  Mafts,  ftopper  the  Top-fail-fheets, 
rack  the  Main  and  Fore-jeers,  and  get  the  Preventer-braces  fecured 
in  their  Places  ;  caufe  the  Gunners  to  fee  the  Match-tubs  ready  ;  haul 
the  Courfes  up,  keep  Silence,  and  avoid  Confufion. 


Neceffary  Remarks  on  coming  into  the  Channel. 

PERSONS  coming  from  a  long  Voyage,  without  Doubt,  try  for 
Ground  in  Time,  and,  if  poflible,  would  keep  in  the  Latitude 
of  490  N.  in  which  Latitude,  and  in  ninety  Fathoms  Water,  you  will 
have  fine  Sand  fixty-fix  Leagues  from  the  Lizard ;  but,  fnould  you 
be  in  the  Latitude  of  Scilly,  then  coarfe  Ground,  and  eighty  Fathoms. 
In  coming  in,  having  ftruck  Ground  in  ninety  Fathonfs,  you  will, 
from  the  Latitude  490  30'  to  490,  meet  with  the  fame  Depth  ; 
then,  failing  fix  or  feven  Leagues,  you  will  fhoal  five  Fathoms,  at 
once  ;  you  run  in  that  Depth  for  fome  Time,  and  deepen  again  ;  and 
perhaps  in  three  Leagues  you  fhoal  again  ;  for  it  is  to  be  fuppofed  the 
Ground  is  not  gradual :  You  muft  therefore  have  R.ecourfe  to  the 
general  Soundings,  not  to  Particulars.  But  if,  in  coming  in,  you 
meet  with  Sand  interfperfed  with  black  Specks  like  beaten  Pepper, 
and  you  have  fixty-four  Fathoms,  then  Scilly  bears  N.  E.  by  N. 
fourteen  Leagues  ;  and  if,  at  any  other  Depth,  you  have  the  fame 
Soundings  from  ninety  to  fixty-four  Fathoms,  you  have  the  Channel 
fairly  open.  When  you  are  in  the  Latitude  of  490  30',  and  have 
feventy-five  Fathoms,  you  muft  be  fure  to  fleer  E.  by  S.  or  E.  S.  E. 
and  then  you  will  but  keep  your  Latitude  good  ;  which,  if  poflible, 
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do  not  go  to  the  Northward  of,  till  you  get  within  Scilly ;  nor  then, 
without  you  have  an  Opportunity  of  making  the  Land.  When  you 
are  a-breaft  of  Scilly,  if  you  be  not  to  the  Southward  of  490  25',  nor 
to  the  Northward  of  490  20',  and  have  fixty  Fathoms,  you  are 
fure  to  be  the  Length  of  Scilly,  and  in  the  Latitude  as  before  men¬ 
tioned  ;  with  thirty-five  Fathoms  you  are  a-breaft  of  the  Lizard. 

If  at  any  Time  you  fhould  be  to  the  Southward,  and  have  from 
ninety  to  feventy  Fathoms,  or  in  the  Latitude  of  Ufhant,  or  farther 
Southerly,  you  will  have  reddifh  Gravel  Sand,  with  many  Pieces  of 
Shells;  which  Soundings  are  no  where  to  be  found  in  the  Channel. 
If  in  the  Latitude  of  Ufhant  you  have  eighty-fix  Fathoms,  you  arc 
diftant  from  thence  thirty-fix  Leagues ;  if  feventy  Fathoms,  eleven 
Leagues  ;  then  you  muft  be  careful  in  the  Night  or  thick  Weather 
to  come  no  nearer  to  it  than  fixty-three  Fathoms,  nor  to  the  Learns 
than  fixty-five  Fathoms.  You  may  know  when  you  are  to  the 
Northward  or  to  the  Southward  of  Scilly  by  the  Ground.  When 
you  are  to  the  Northward,  or  in  the  Latitude  of  it,  you  have  Ouze 
on  the  Lead  from  eighty-five  to  fixty  Fathoms;  then  you  muft  haul 
to  the  Southward  till  you  meet  with  coarfer  Ground,  which  you 
will  have  to  the  Southward  of  Scilly ;  you  may  depend  on  having 
Ouze  on  the  Lead  in  this  Latitude,  or  to  the  Northward  of  it ;  fo 
that,  if  you  keep  the  Lead  going,  you  may  pre\rent  falling  to  the 
Northward.  For  your  better  knowing  when  you  are  near  Scilly, 
you  will  find  on  the  Leadblack  Stones,  the  like  of  which  are  nowhere 
elfe  in  the  Channel.  In  the  Night  come  no  nearer  than  fifty-three 
Fathoms ;  and  in  that  Depth  you  are  not  above  three  Leagues  from 
the  Scilly  Rocks.  That  you  may  know  if  you  be  within  Scilly,  and 
in  the  Channel,  ftand  to  the  Southward,  and  you  will  have  deeper 
Water;  to  the  Northward,  and  you  will  have  fhoaler.  Come  no 
nearer  to  the  Lizard,  in  the  Night,  than  forty-five  Fathoms.  If 
running  up  the  Channel  in  the  Night,  keep  without  the  ftream  of 
forty  Fathoms,  for  in  that  Stream  the  Eddyftone  lies  :  Between  the 
Start  and  Portland,  no  nearer  than  twenty-four  Fathoms ;  nor  from 
Portland  to  the  Nefs,  than  twenty  Fathoms,  if  in  the  Night  or  thick 
Weather.  When  you  are  in  the  Fair-way,  up  Channel,  you  will 
always  have  fine  Sand,  intermixed  with  black  Specks  and  Hake’s 
Teeth.  By  this  Time  you  will  moft  probably  have  made  the 
Land;  butobferve,  that  between  Beachy  and  the  Wight  there  are 
from  thirty  to  thirty-eight  Fathoms  Water  ;  by  which  you  may  be 
led  to  imagine  yourfeif  farther  out  than  you  are.  That  Depth  is  found 
at  four  Leagues  Diftance  from  the  Oars  and  Eaftborough-head. 

N.  B.  The  foregoing  P^emarks,  and  the  Method  of  working  a  Ship, 
are  the  beft  I  could  colledt  from  Mariners,  who  verv  often  differ  in 
their  Methods,  and  therefore  may  be  difputed;  particularly  in  that 
of  Box-hauling  a  Ship.  As  this  is  not  my  Province,  it  is  hoped 
every  judicious  Mariner  will  excufe  any  Errors  committed  in  a 
Thing  which  is  calculated  merely  for  the  initiating  of  young  Prac¬ 
titioners. 
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The  Manner  of  Surveying  Sea  Coafts  and 

Harbours. 

IT  is  a  general  Complaint  among  Seamen,  that  few  Sea  Charts  are 
found  correCt ;  and  this  perhaps  may  be  owing  to  the  Manner  of 
furveying  the  feveral  Coafts,  and  copying  from  old  Sea  Charts ;  but 
as  the  Longitude  of  Places  can  now  be  better  afcertained  than  for¬ 
merly,  it  is  hoped  more  accurate  Maps  will  be  made,  as  they  are  fo 
very  eflential  to  the  Mariner  ;  who  may,  from  the  following  Hints, 
either  correft  the  Charts  that  are  extant,  or  make  new  ones  of  his 
own,  of  thofe  Parts  he  may  have  occafion  to  fail  by  or  touch  at. 

From  what  has  been  already  faid  in  Oblique  Sailing,  an  intelli¬ 
gent  Reader  may  fee  how  the  Bufinefs  of  taking  the  Bearing  of  Part 
of  a  Coaft,  and  of  plotting  or  delineating  it  might  be  done  $  but  as 
there  are  fome  Particulars  which  can  be  gained  only  by  Experience 
in  the  Art  of  Surveying,  it  will  not  be  improper  to  apprize  the 
Learner  of  them,  and  thereby  qualify  him  to  go  more  readily  to 
work. 

To  take  the  Draught  of  a  Coaft:  in  failing  along  it. 

ift.  Having  brought  the  Ship  to  a  convenient  Place,  from  whence 
the  principal  Points  of  the  Coaft  or  Bay  may  be  feen,  either  caft 
Anchor  if  it  is  convenient,  or  lye-to  as  fteady  as  poffible  ;  or  if  the 
Coaft  is  too  Ihoal,  let  the  Obfervations  and  Meafures  be  done  in  a 
Boat :  Then  while  the  Vefiel  is  in  a  ftationary  Situation,  take,  with 
the  Azimuth  Compafs,  the  Bearings,  in  Degrees,  of  fuch  Points  of 
the  Coaft  as  form  the  moft  material  Projections  or  Hollows ;  write 
down  thefe  Bearings,  and  make  a  rough  Sketch  of  the  Coafts,  ob- 
ferving  carefully  to  mark  the  Points  whofe  Bearings  were  taken  with 
Letters  for  the  fake  of  Preference. 

Then  let  the  Ship  or  Boat  run  in  a  direCt  Line,  which  muft  be 
very  carefully  meafured  by  the  Log  or  otherwife,  one,  two,  or  three 
Miles,  more  or  lefs,  until  the  comes  into  a  Situation  from  whence 
the  fame  Points  before  obferved  can  be  feen  again ;  there  let  the 
Veflel  lye  fteady  as  at  the  foregoing  Station  ;  and  again,  obferve  the 
refpe&ive  Bearings  in  Degrees  of  the  fame  noted  Points,  which  are 
alfo  to  be  wrote  down,  and  a  rough  Sketch  of  the  Coaft  ftiould  alfo 
be  taken  from  this  Station  j  for  which  Purpofe  prepare  an  Obferva- 
tion  Table,  in  which  write  diftinClly  and  regularly  the  feveral 
celeftial  Obfervations,  Bearing,  Diftance  mealured  by  the  Log¬ 
line,  Rocks,  Shoals,  Soundings,  Overfalls,  Races  of  Tides,  and  other 
Remarks  that  may  be  made  along  the  Coaft.  The  Table  may  con- 
fift  of  feven  or  eight  Columns,  difpofed  in  the  following  Order. 
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While  the  Veflel  is  running  the  Bafe  Line  from  Station  to  Sta¬ 
tion,  more  accurate  Appearance  oi  the  Coaft  fhcuid  be  made.  To 
do  which,  let  four  export  Perfons  be  appointed ;  one  to  take  the 
Bearing  exaftly  with  the  Azimuth  Compafs  ;  one  to  overfee  the  run¬ 
ning  out  of  the  Log-line,  and  to  keep  an  Account  of  the  Ship’s 
Way,  fo  as  to  be  readily  able  to  tell  the  Diftance  run  when  required  ; 
the  third  to  attend  the  heaving  of  the  Lead,  to  write  down  the 
Soundings  and  Bearings  of  one  or  two  Head  I  oints  or  remarkable 
Parts  of°the  Coaft  taken  at  each  Depth  ;  the  fourth  a  Draughts¬ 
man,  to  draw  out  the  neceffary  Bearings  and  Diftances,.  and  deli¬ 
neate  the  Figure  and  Windings  of  the  Coaft  at  each  Station,  and  to 
°  correct 
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Correct  their  Forms  and  Dimenfions  while  the  Ship  is  failing  along 
the  Land.  Then  let  the  feveral  Bearings  be  ccrrefted  by  the  Varia¬ 
tion  to  reduce  them  to  their  true  Pofitions.  Then, 

In  fome  convenient  Part  of  a  Sheet  of  Paper  defcribe;  a  Circle,  the 
larger  the  better,  on  which  lay  off  the  feveral  Bearings  taken  from 
the  firft  Station,  and  let  them  be  numbered  1,  2,  3,  &e.  on  the  Out- 
fide  of  the  Circle  :  Alfo  lay  down  the  feveral  Bearings  taken  at  the 
fecon  .1  Station  ;  let  thefe  be  numbered  1,  2,  3,  &c.  on  the  infide  of 
the  Circle,  obferving  that  the  Bearings  of  the  fame  Points  are  num¬ 
bered  with  the  fame  Figures. 

Draw  a  Line  to  exprefs  the  Ship’s  P».un  both  in  Length  and 
Courfe  ;  and  from  that  End  of  the  Line  expreffing  the  firft  Station 
draw  Lines  parallel  to  the  refpeftive  Bearings  taken  from  that  End, 
and  marked  on  the  Outfide  of  the  Circle.  Alfo  from  the  other  End 
draw  Lines  parallel  to  the  Bearing  taken  at  that  End,  and  note  it  on 
the  Infide  of  the  Circle  ;  mark  the  Interfecfion  of  each  Pair  of  Lines, 
dire&ed  to  the  fame  Point  with  the  Number  annexed  to  their  Bear¬ 
ing  ;  and  through  the  InterfecHon  fo  marked  draw  by  Hand  a  curved 
Line,  obferving  to  wave  the  Line  in  and  out,  as  neai;  as  can  be  like 
the  bending  of  the  Coaft  itfelf. 

Again  ft  each  Part  draw  the  Appearance  of  the  elevated  or  low 
Ground  in  the  Sketches,  diftinguifhing  R-ocks,  Cli  fts,  High  Land, 
Low  Land,  Sand  Hills,  & c.  If  there  are  any  Cur  rents  or  Eddies, 
exprefs  them  in  their  proper  Places  by  Darts  or  Arrows,  the  Points 
being  turned  that  Way  the  Current  fets.  Put  in  th  ;  feveral  Sound¬ 
ings  at  Low-water  in  fmall  Figures,  diftinguifhing  \  whether  Fathoms 
orFee'c ;  fhew  the  Time  of  High-water,  on  the  Full  and  Change  Days, 
by  Roman  Figures,  and  tell  the  Rife  in  Feet :  P  at  in  a  Compafs, 
with  a  Scale  of  Miles  or  Leagues,  fuch  as  the  Vefft  il’s  Run  was  laid 
down  by  ;  add  the  Name  of  the  Place,  the  Coafl,  and  the  Latitude 
and  Longitude,  as  true  as  can  be  obtained. 

If  there  is  a  Shoal,  or  Sands  on  the  Coaft,  let  it  t  e  taken  by  a  Boat 
failing  round  it,  and  keeping  an  Account  of  the  Ctmrfes,  Diftances, 
and  Soundings  ;  but  to  put  in  the  Draught,  the  Boakmuft,  from  fome 
Part  of  the  Sand  or  Shoal,  take  the  Bearings  of  t\Jvo  Points  on  the 
Coaft,  whofe  Bearings  have  been  taken  from  the  Ship  :  Or  the  Bear¬ 
ing  of  the  Boat  at  fome  Part  of  the  Shoal,  or  of  fome  Beacon  in  that 
Place,  muft  be  taken  by  the  Ship,  at  the  Stations  where  fhe  takes 
the  Bearings  of  the  Shore  *,  for  by  either  of  thefe  lyleans,  one  Point 
of  the  Sand  being  obtained,  the  reft  of  it  can  be  lai 
Boats  Account. 


d  down  from  the 


inding  in  fuch  a 
at  two  Stations, 
fured,  as  may  be 


If  the  Coaft  to  be  drawn  is  a  Bay  or  Harbour,  vt 
Manner  that  all  its  principal  Points  cannot  be  feen 

let  as  many  Bafes  or  Lines  be  run,  and  exactly  mea _ , _ ^ 

found  necefiary  ;  obferving  that  the  feveral  Diftances  runlhouM  join 
to  one  another  in  the  Nature  of  Traverfe  •,  that  each  new  fet  of  Qb- 
je£is  or  Pomts  obferved  fhould  be  taken  from  twe  Stations  at  the 

End 
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End  of  a  known  Diftance  •,  and  that  the  Objedls,  whofe  Bearings  are 
taken,  do  not  extend  fo  much  beyond  the  Limits  of  the  Bafe,  as  to 
make  Angles  with  it  of  lefs  than  about  \  or  £  of  a  Point,  but  rather 
referve  fuch  Objects  for  the  next  mcafured  Bafe  ;  for  when  Lines  lye 
very  oblique  to  one  another,  their  Interfectionsisnoteafily  ascertained. 

If  any  particular  Parts  of  the  Harbour  cannot  be  conveniently  feen 
from  either  of  the  Stations,  take  the  Eoat  into  thofe  Places,  and 
having  well  examined  them,  make  Sketches  thereof,  eflimating  the 
Length  and  Breadth  of  the  feveral  Inlets,  either  by  the  rowing  or 
failing  of  the  Boat,  taking  as  many  Bearings,  Soundings,  and  other 
Notes  as  may  be  thought  necefiary ;  then  annex  thefe  particular 
Views  in  their  proper  Places  in  the  general  Draft. 

If  there  are  any  dangerous  Sands  or  Piocks,  bdides  inferting  them 
in  their  proper  Places,  there  fhould  be  a  double  Line  drawn  through 
that  Point  and  one  or  more  Objects  afhore ;  and  for  this  Purpofe 
chufe  a  Church,  Mill,  Houfe,  noted  Tree,  a  Clift,  or  any  remarkable 
Thing  that  can  be  diftinclly  feen  at  Sea,  and  which  can  be  brought 
to  bear  in  the  fame  right  Line  with  the  Point  to  be  avoided  j  but  if 
that  Point  is  under  Water,  there  muft  be  two  Land  Marks  brought 
to  bear  with  the;  Danger,  either  in  a  right  Line,  when  it  can  be,  or 
in  two  Lines  ;  and  that  thofe  two  Lines,  and  that  thofe  Land  Marks 
maybe  put  down  in  their  proper  Places,  their  Bearings  mull  alfo  be 
taken  from  two  of  the  Ship’s  Stations. 

It  fhould  be  remarked  in  the  Draught  what  Places,  if  any,  are  un¬ 
fit  for  Anchorage,  and  what  are  fit,  by  writing  reeky  Ground ,  foul 
Anchorage,  good  Anchorage  •,  and  in  the  latter  to  draw  the  Figure  of 
an  Anchor.  Alfo,  if  there  is  any  particular  Channel  more  conve¬ 
nient  to  fail  through  than  another,  it  is  to  be  pointed  out  by  Lines 
drawn  to  its  Entrance  from  two  or  more  noted  marks  afhore. 

The  foregoing  Method  of  furveying  a  Coaff,  fuppofes  in  general 
that  it  is  taken  by  a  Ship  in  her  Paffages  along,  not  having  an  Oppor¬ 
tunity  of  going  a  fhore.  But  when  the  Circumflances  will  permit  the 
Meafures  and  O  afervations  to  be  made  on  Land,  the  Survey  can  be 
taken  more  accurately  than  on  the  Water. 


To  Survey  a  Harbour  by  Obfervations  on  Shore. 

Make  an  Eye-draught  of  the  Place  to  be  furveyed  ;  and  in  going 
round  its  Coaff,  fix  in  the  moil  remarkable  Points  and  Bends  of  the 
Shore  Station  Staves,  or  (freight  Poles,  tall  enough  to  be  feen  at  a 
confiderable  Dfftancc  ;  But  if  at  any  of  thofe  Places  there  is  a  noted 
Tree,  Houfe,  or  any  other  remarkable  Thing,  that  Object  may  ferve 
inflead  of  a  Station  Staff  •,  and  it  will  be  convenient  to  black  the 
Staves,  and  tie  a  Piece  of  white  Bunting  to  the  Top  of  each  :  Then 
in  the  Eye-draught  put  Letters  at  the  noted  Points,  or  Marks,  for 
Diffinclion  fake. 


Chufe 
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Chufe  the  moft  level  Spot  of  Ground,  wherein  a  bafe  Line  may 
be  meafured,  of  one  or  more  half  Miles  in  Length,  or  a  Length  of 
not  lefs  than  a  tenth  Part  of  the  Diftance  of  the  two  extreme  Ob¬ 
jects  marked  for  obferving,  and  let  the  Direction  of  the  meafured 
Bafe  Line  be  fo  laid  out,  that  from  both  Ends  of  it  as  many  as  poffi- 
ble  of  the  Station  Staves  before  planted,  or  the  Objedts  before  re¬ 
marked,  may  be  feen.  The  Bearing  or  Pofition  of  this  Bafe  muftbe 
well  determined  in  Degrees  and  Minutes  •,  and  alfo  its  Length  mull 
be  accurately  meafured  to  Feet  and  Parts,  either  by  a  meafuring 
Chain,  or  by  a  Piece  of  Log-line  of  ioo  Feet  long,  properly  marked 
at  the  End  of  every  10  Feet,  and  each  End  Length  marked  at  every 
Foot. 

From  one  End  of  the  Bafe  obferve  (with  any  Inftrument  proper  to 
take  Bearings)  the  Pofition  or  Bearings,  in  Degrees  and  Minutes  of 
all  the  Staves  or  Object  within  Views,  and  write  them  down  orderly  ; 
do  the  fame  from  the  other  End  of  the  Bafe,  and  let  all  the  Bearings 
be  corre&ed  by  the  Variation  of  the  Compafs. 

Then,  thefe  Meafures  and  corrected  Bearings,  being  plotted  or 
laid  down,  will  give  the  moft  confpicuous  Points  of  the  Shore,  the 
intermediate  Spaces  are  to  be  filled  up  from  the  Sketches  of  them 
made  on  the  Spot. 

But  if  any  of  thefe  Objedts  fhould  fpread  on  either  Hand  fo  far 
beyond  the  Limits  of  the  Bafe,  that  at  either  End  thereof  the  other 
End,  and  thofe  Objedfs  or  Staves  fliould  appear  nearly  in  the  fame 
Diredtion,  or  to  make  Angles  not  exceeding  about  jo  Degrees  :  Or, 
if  fome  of  the  remarked  Objedfs  can  be  feen  from  only  one  End  of  the 
Bafe,  then  let  the  Bearings  of  fuch  Objects  be  taken  from  a  Place 
whofe  Pofition  has  been  determined  from  both  Ends  of  the  mea¬ 
fured  Bafe  ;  or  if  there  are  feveral  remarked  Objedfs,  which  cannot 
be  feen  from  neither  End  of  the  Bafe  Lines,  let  the  Bearings 
of  fuch  Objects  be  taken  from  each  of  two  Points,  whofe  Po¬ 
fition  have  been  taken  from  both  Ends  of  the  Bafe.  Or  it 
may  on  fome  Oecafion  be  proper  to  chufe  another  Place,  on 
which  another  Bafe  of  a  convenient  Length  may  be  meafured,  and 
from  the  Extremities  of  which  the  Ends  of  the  firft  Bafe  may  be 
feen  ;  and  alfo  as  many  as  can  be  of  the  remaining  Objedfs  which  lay 
too  oblique  for  the  firft  Bafe,  or  which  could  not  be  feen  from  it.  In 
fuch  Manner  proceed,  until  the  Bearings  are  taken  of  all  the  Points 
judged  neceflary  for  completing  the  Survey  of  the  Limits  of  the 
Harbour. 

If  a  Bafe  of  a  fufficient  Length  cannot  be  meafured  in  one  right 
Line,  it  may  be  taken  in  two  adjoining  Lines  as  the  two  Sides  of  a 
Triangle  ;  the  included  Angle  being  accurately  taken,  and  the  Bear¬ 
ing  of  either  Line. 

When  the  Outlines  or  Limits  of  an  Harbour,  Bay,  Road,  &c.  are 
delineated  by  the  preceding  Precepts;  the  Appearances  of  the 
Shores,  with  the  adjacent  remarkable  Objedls  corredtly  drawn ;  a 
Compafs,  with  the  Variation  and  Scale  properly  fitted  to  the  Plan ; 

the 
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the  Ifles,  Pvocks,  Sands,  Zee.  marked  in  their  proper  Places ;  the  Set¬ 
ting  and  Drift  of  the  Currents  and  Tides  ;  the  Times  of  High-wa¬ 
ter  on  the  Days  of  Full  and  New  Moon,  with  the  Pule  of  Water  at 
tbofe  Times,  and  whether  whole  Tide,  or  Tide  and  Part;  the  belt 
anchoring  Places  with  their  Soundings  at  Low-water,  and  the  Winds 
open  to  them;  the  beftTrack,  with  the  Soundings  all  the  Wav  to  thofe 
anchoring  Places;  the  proper  failing  Marks  to  avoid  Dangers;  the 
Winds,  if  any  troublefome  ones,  which  prevail,  and  at  what  Sea- 
fons;  the  Places  where  frelh  Water  can  begot;  the  Name  of  the 
Place,  the  Country  in  ;  on  what  Sea,  the  Latitude  and  Longitude ;  a 
Sketch  of  the  Appearance  the  Place  makes  at  Sea  upon  a  known 
Rhumb,  and  at  an  eflimated  Diftance  ;  and  whatever  elfc  a  judicious 
Seaman  {hall  think  proper  to  inferc ;  then  is  the  Plan  fit  for  all  nau¬ 
tical  Purpofes,  and  may  be  embellilhed  with  proper  Colours  if  ne- 
ceflarv. 

Sea  Draughts  taken  according  to  the  foregoing  Precepts,  and 
neatly  drawn  and  coloured,  befides  the  real  LTe  they  may  be  of, 
cannot  fail  to  recommend  the  young  Mariner,  who  furveys  and  con  - 
ftrucls  them,  to  the  Notice  of  his  Superiors. 

To  reduce  a  Draught  to  a  larger  or  fmaller  Scale. 

With  a  Black-lead  Pencil  draw  the  Draught  to  be  reduced  alf 
over  with  crofs  Lines,  forming  exact  Squares :  Draw  the  clean 
Paper  for  the  Copy  alfo  over  with  the  fame  Number  of  Squares,  but 
their  Sides  larger  or  fmaller  in  Proportion  to  the  intended  Size  of 
the  Scale ;  fuch  as  one-haif,  one-fourth,  &c.  of  the  Length  of  the 
other.  Diftinguifh  by  a  ftronger  Line  and  Mark  with  a  Figure 
every  fifth  or  fixt’n  Row  of  Squares  in  both,  fo  that  the  feveral  cor- 
refponding  Squares  may  be  readily  perceived.  Then,  in  each 
of  the  Squares  of  the  Draught,  draw,  by  the  Eye,  a  Curve  on  the 
Paper  fimilar  to  that  in  the  Square  in  Draught,  till  the  whole  is  co¬ 
pied,  and  then  the  Black-lead  Lines  may  be  rubbed  out  with 
Bread. 

To  find  the  Height  and  Difiances  of  Objedts  at  Sea. 

When  the  Object:  is  perpendicular,  and  the  Diftance  to  it  can  be 
meafured,  find  the  Angle  of  Altitude  with  a  Quadrant,  and  meafure 
the  Diftance  to  it  as  exa£t  as  poffi’cle,  then  you  have  the  Angles  and 
Bafe  to  find  the  Perpendicular  ;  or,  if  you  go  backward  or  forward 
until  the  Angle  of  Altitude  be  450,  the  Diftance  between  you  and 
the  Objcdl  will  be  the  perpendicular  Height. 

EXAMPLE. 

Being  96  Fathoms  from  the  Bottom  of  a  Tower,  I  find  its  Altitude 
(after  allowing  for  the  Height  of  my  Eye  above  the  Water)  150  10T 
Required  the  Height  ? 
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will  B  C  be  the  Height  of  the  Tower  26.2 


As  Radius 

Is  to  the  Dift.  96 

So  is  Tan.  Ang.  150  10' 


10.00000 

1.98227 

9-433°8 


To  the  Height  26.2 


26.2 


I-4I535 


When  the  Obje<ft  is  not  perpendicular,  fuch  as  Hills,  Mountains, 
Rocks,  &c.  the  perpendicular  Height  may  be  found  by  obferving  the 
Altitude  at  any  convenient  Diftance,  and  then  going  either  farther 
olF  or  nearer  to  it  in  a  ftraight  Line,  and  then  obferving  the  Altitude 
again.  With  thefe  two  Angles,  and  the  Diftance  between  the  two 
Stations,  being  carefully  meafured,  the  perpendicular  Height  may  be 
found  either  by  Geometry  or  Trigonometry. 


EXAMPLE. 


Being  at  Sea,  I  obferved  the  Altitude  of  a  Mountain,  and  found  it 
8°  ;  and  then,  failing  towards  it  in  a  dirett  Line  3  Miles,  I  found  the 
Altitude  of  the  fame  Mountain  to  be  120  3c/ :  Required  the  perpen-? 
dicular  Height  ? 

r* 

Draw  the  Bafe 


AD,  and  at  A  make 
the  Angle  D  ACr 


8°  by  drawing  AC.  -A- 
Set  off  from  A  to  B 


B 


3  Miles  or  5280  Yards,  and  at  B  make  the  Angle  D  B  C  120  30', 
by  drawing  the  Line  B  C  to  cut  the  Line  A  C  in  C.  From  C  let  fall 
the  perpendicular  C  D,  which  being  meafured  will  give  the  perpen¬ 
dicular  Height  of  the  Mountain  2027  Yards.  To  find  which  by 
Calculation : 

Given  the  Angles  D  AC“8°,  and  D  B  Cm20  30';  then  120  30' 
fubtrafted  from  180°  leaves  Angle  A  E  C~  167°  30',  which  being 
added  to  Angle  A,  8°,  the  Sum  175”  30'  fubtradled  from  180°, 
leaves  the  Angle  AC  B~4°  30',  whence  we  have  the  Angles ;  and 
one  Side  A  B  5280  given,  to  find  the  Side  A  C  ;  then  it  will  be, 


E  e 


As 
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As  SincAng.  B  CA  =  4°  3o' 8.89464  As  Radius  io.ocooo 

Js  to  the  Side  A  B  5280  3.72263  Is  to  Side  AC  >4570  4.16333 
Sois  S.  An.  AEB  =  i67' 3C/9. 33534  So  is  Sine  An.  A  8°  9.14335 


13.03797  To  DC  2027  3.30688 

8  89464  the  perpendicular  Height  of  the 

- Mountain. 

To  the  Side  A  C  14570  4.16333 

In  like  Manner  may  the  Height  or  Diftance  of  any  acceflible  or 
inacceflible  Object  be  found,  either  at  Sea  or  on  Shore;  and  the 
Angles  may  be  taken  with  a  Quadrant,  Semicircle,  & c. 

Note.  IheReafon  why  Angle  B  is  fubtracted  from  180°  is, 
becaufe  that  when  a  Right  Line  meets  with  another  Right  Line 
and  makes  Angles,  the  two  Angles  will  be  equal  to  180®.  (Eucl. 

I-  13) 

Of  the  Curvature  of  the  Earth. 

Moft  Perfons  know  that  if  they  are  raifed  above  the  Surface  of 
the  adjacent  Land  or  W ater,  they  can  not  only  fee  diftant  Objefts 
that  lie  on  that  Surface  better,  but  alfo  fee  thoie  more  and  more  re¬ 
mote  as  they  advance  higher.  The  Irregularity  of  the  Surface  of  the 
Land  will  not  be  fubje&ed  to  any  one  Rule  that  will  give  the 
Diftance  to  which  Objects  may  be  feen  at  different  Elevations ;  but 
at  Sea,  where  there  is  generally  an  uniform  Curvature  of  the  Water, 
upon  the  Suppofition  of  the  fpherical  Figure  of  the  Earth,  thofe  Dif- 
tances  may  be  eafily  computed. 

Rule.  To  the  Earth’s  Diameter  add  the  Height  of  the  Eye,  mul¬ 
tiply  the  Sum  by  that  Height ;  then  the  Square  Root  of  the  Product 
is  the  Diftance  at  which  an  Object  on  the  Surface  of  the  Water  can 
be  feen  by  an  Eye  lo  elevated ;  and  by  this  Piule  was  the  Table  an¬ 
nexed  computed,  the  Diameter  of  the  Earth  being  taken  at 
41798117  Feet,  according  to  Sir  Ifaac  Newton’s  Meafures.  This 
Table  may  be  ufefully  applied  to  eftimate  the  Diftance  of  an  Object 
at  Sea,  the  Elevation  of  that  Objedt  above  its  Horizon  bein'* 
known. 


EXAMPLE  I. 

Sailing  towards  a  Head-land,  on  which  is  a  Light-houfe,  elevated 
6co  Feet  above  the  Surface  of  the  Water,  we  law  the  Lights  at 
Night  juft  appearing  in  the  Horizon.  How  far  were  we  at  that 
Time  diftant  from  the  Light-houfe  ? 

Look  in  the  i  able  for  Doo  Feet,  in  the  Column  marked  Height  in 
Feet,  and  right  againft  it,  in  the  Column  marked  Diftance  in  Miles, 
Lands  29,994,  io  that  the  Diftance  may  be  reckoned  about  40 
Allies-  -  0 
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EXAMPLE  II. 


Being  in  Company  with  fome  Merchants  walking  on  a  fandy 
Shore,  on  the  Look-out  for  a  Veflel  which  was  then  expected, 
w:hofe  Top-gallant-maft  was  140  Feet  above  the  Surface,  Allowance 
being  made  for  herlmmerfion  in  the  Water;  we  obferved,  through 
a  Telefcope,  a  Ship’s  Vane  juft  appearing  in  the  Horizon  :  How  far 
cff  is  that  Ship,  fuppofing  it  the  VelTel  expected  ? 

Answer.  Againft  i4oFeet,  the  Height,  (lands  14.488,  that  is  her 
Diftance.  Flere  is  no  Allowance  made  for  the  Height  of  the  Eye 
above  the  Horizon,  but  it  is  obvious,  that  the  higher  the  Eye  the 
farther  it  can  fee.  Now  as  Objects  are  feen  in  a  llraight  Line,  and 
that  Line  is  a  Tangent  to  the  Earth’s  Surface  ;  therefore,  it  follows, 
that  to  find  the  Diftance  of  two  elevated  Objects,  when  the  Right 
Line  joining  them  touches  the  Surface  of  the  Earth  between  thofe 
Objects;  look  for  the  Diftance  anfwering  to  each  Height,  and  their 
Sum  is  the  Diftance  required. 

Thus,  in  the  fecond  Example,  fuppofe  the  Eye  is  raifed  fix  Feet 
above  the  Water’s  Edge,  it  can  fee  an  Obje£b  on  the  Surface  2,999, 
or  3  Miles  off ;  this  Diftance  added  to  the  1 4!  Miles,  makes  the 
Diftance  of  the  Ship  to  be  1  Miles. 


EXAMPLE  III. 


A  Man  being  on  the  Main-top-gallant-maft  of  a  Man  of  War,  200 
Feet  above  the  Water,  fees  an  100  Gun  Ship  {he  had  engaged  the 
Day  before,  Flull-to  :  Flow  far  were  thofe  Ships  diftant  ? 

A  Ship  of  100  Guns,  or  a  firft  Rate  Man  of  War,  is  above  60 
Feet  from  the  Keel  to  the  Rails  ;  from  which,  deduct  about  20  Feet 
for  the  Draught  of  Water,  leaves  40  Feet  for  the  Height  of  her 
Quarter  above  Water  :  Now  a  Ship  is  feen  Huli-to,  when  her  upper 
W orks  juft  appear. 


Then  200  Feet  high  gives 
And  againft  4c  Feet  ftands 

Their  Sum,  which  is 


17.316  Miles. 
7.744  Miles. 


25.060  Miles,  is  theiFDiftanc*. 


Toeftimate  Diftances  by  Sound,  fee  Oblique  Sailing. 
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A  Table 
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A  Table  for  finding  the  Distance  of  Terrestrial 
Objects  at  Sea. 


Hc:ght 

Dift.  in 

1  Height 

Dift.  in 

Hcght 

Dift.  in 

!  Heigh, 

Dift.  in 

Height 

Dift. in 

in  Feci. 

Miles. 

1  in  Feet. 

I 

Miles. 

in  F  eet. 

Miles. 

in  Feet. 

Miles. 

in  Fctft. 

Miles. 

I 

1,224 

53 

8,914 

240 

18,969 

760 

33>7S6 

2250 

53,083 

2 

i,732 

5° 

9,163 

245 

19,165 

7S0 

34, 197 

2300 

58,725 

3 

2>  1 2  I 

59 

9,405 

250 

19,364 

800 

34,633 

2350 

59,  360 

4 

2,449 

62 

9,641 

255 

>9, 553 

820 

35,063 

2400 

59,988 

S 

2,738 

65 

5,872 

260 

>9>743 

840 

35,483 

2450 

60, 609 

6 

2,999 

68 

10,097 

265 

19,932 

Sfio 

3C,  90S 

2  500 

61,225 

7 

3>239 

71 

10, 317 

27O 

20, 1 19 

S80 

36,323 

2  5  50 

61,  834 

8 

3,463 

74 

'°»533 

275 

20,304 

900 

36,734 

2600 

62,437 

9 

3,673 

77 

70,745 

280 

j  20, 489 

920 

37,  >40) 

2650 

[63,031 

10 

3,872 

80 

10,952 

2S5 

20,  671 
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An  Explanation  of  the  mod  ufeful  Sea 

Terms. 

• 

AjF  T,  or  Abaft.  From  the  Head  or  Fore-part  of  the  Ship  towards 
the  Stern  ;  as  carry  fuch  a  i  hing  abaft ;  the  Mail  hangs  aft , 
that  is,  towards  the  Stern. 

How  chear  ye  fore  and  aft  ?  That  is,  how  chears  all  the  Ship’s  Com¬ 
pany  ? 

Amain  that  is,  yield :  A  Term  ufed  by  a  Man  of  War  to  her 
Enemy. 

Strike  amain.  Lower  your  Top-fails. 

Avafl.  To  flop. 

Aloft ,  fignifies  over  Head,  or  above. 

The  Anchor  is  foul ;  that  is,  the  Cable  has  got  about  the  Fluke,  which 
is  the  flat  Point  or  Wing,  that  refembles  the  Head  of  an 
Arrow. 

The  Anchor  is  a-peak,  or  a-peek  ;  fignifying  that  it  is  diredlly  under  the 
Hawfe  or  Hole  through  which  the  Cable  of  the  Anchor 
runs  out. 

Lhe  Anchor  is  a-cock  bell ;  that  is,  it  fwings  or  hangs  up  and  down  by 
the  Ship’s  Side. 

An  Awning  is  a  Shelter  or  Screen  that  is  made  of  a  Sail  or  fuch  like, 
fupported  in  the  Nature  of  a  Canopy  over  the  Deck,  to  keep  off  the 
Heat  of  the  Sun. 

To  bear  with  the  Land ,  &c.  that  is,  to  fail  towards  it. 

To  bear -to)  viz.  To  fail  to  a  Channel  or  Harbour  before  O'-  with  the 
Wind. 

Bring  the  Guns  ( or  Ordnance )  to  bear  ;  that  is,  point  them  rffht  to  the 
Mark. 

Bear  up  ;  that  is,  make  the  Ship  fail  more  clofe  to  the  Wind. 

Belay.  Make  faff  any  running  Rope. 

Bend  the  Sails ;  that  is,  fallen  or  apply  them  to  the  Yards. 

Her  Saits  are  unbent ,  viz.  has  no  Sails  fixed. 

Bend  a  Cable.  Make  it  fall  to  the  Anchor. 

A  Bir  th.  A  convenient  Place  to  moor  a  Ship  in. 

A  Bight,  is  any  Part  of  a  Rope  between  the  Ends.- 

The  Ship  is  bilged-,  that  is,  ftruck  off  fome  of  her  Timber  on  a  R.ock 
or  Anchor  and  fprings  a  Leak. 

A  Binacle,  or  Bittacle ,  is  that  wherein  the  Compafs  Hands. 

To  bit  the  Cable,  is  to  put  it  round  the  Bits,  which  are  two  ftron^ 
Pieces  of  Timber,  in  order  to  fallen  it  or  llacken  it  gradually, 
which  lall  is  called  veering  away. 
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A  Bonnet.  An  additional  Part  laced  to  the  Bottom  of  the  Main  and 
Fore-fails  in  fmall  Veflels  in  moderate  Weather. 

Board  and  Board ,  fignifies  that  two  Ships  come  fo  near  as  to  touch 
each  other. 

To  board  a  Ship,  is  to  enter  in  an  hoflile  Manner,  or  againft  the  Incli¬ 
nation  of  thofe  in  her. 

Booms.  Certain  long  Poles  run  out  from  different  Places  of  the  Ship, 
to  extend  the  Bottom-fails. 

Bow-lines.  Ropes  fattened  to  the  middle,  leech,  or  perpendicular 
Edge  of  the  Sails  to  keep  them  fteady  when  the  Ship  is  upon  the 
Wind  or  plying  to  Windward. 

Braces.  Ropes  afed  in  wheeling  the  Yards  and  Sails  about  accord¬ 
ing  to  the  Direction  of  the  Wind. 

Preventer  Braces.  Temporary  Braces,  fixed  occafionally  to  fuccour 
the  Main  or  Fore-yard  of  a  Ship  when  they  fuffer  an  unufual 
Strain  in  a  hard  Gale  of  Wind. 

Box-hauling.  A  particular  Method  of  veering  a  Ship  when  the 
Swell  of  the  Sea  renders  Tacking  impracticable. 

Bouce.  To  pull  upon  any  Rope. 

Burton.  A  fmall  Tackle  formed  by  two  Blocks  or  Putties  till  the 
Rope  becomes  three  or  four-fold. 

To  break  Bulk.  To  open  the  Hold  and  take  Goods  thereout. 

A  Buoy  is  a  floating  Cafk  or  fuch  like,  which  is  moored  at  a  Sand¬ 
bank  to  warn  Shipping  againft  it ;  alfo  is  ufed  to  every  Anchor  in 
order  to  {hew  where  the  Anchor  lies. 

Careening,  is  bringing  a  Ship  to  lie  down  on  one  Side  while  the 
other  is  trimmed  and  caulked. 

Cat  and  Fijh.  {Machines  ufed  to  draw  up  the  Flukes  of  the  Anchor 
toward  the  Top  of  the  Bow  in  order  to  fecure  it. 

Ccpjlern  or  Capjlain ,  is  a  ftrong  Column  of  Timber,  with  Holes  in  it 
to  receive  Levers  or  Bars,  and  fixed  in  the  Deck,  that  the  Men  by 
turning  it  round  horizontally  may  raife  up  the  Anchor  or  any 
great  Weight,  and  is  fecured  by  Pawls  from  recoiling. 

Cau'king,  is  driving  Oakum  orSpanhair,  &c.  into  the  Seams  of  a 
Ship  to  keep  out  Water. 

To  cun  a  Ship ,  is  to  direct  the  Perfon  at  the  Helm  how  to  fteer  her. 
If  the  Ship  goes  before  the  Wind,  then  the  Pilot,  or  he  who  cuns 
the  Ship,  ufes  t’nefe  Terms  to  him  that  fteers,  according  as  the 
Cafe  requires,  viz.  Starboard,  that  is,  to  put  the  Helm  to  the 
Starboard  (or  Right)  Side  to  make  the  Shin,  go  to  the  Larboard  or 
Left  Side  •,  and  fo  of  the  contrarv.  Port  is  to  keep  the  fame  Di¬ 
rection  of  the  Helm  upon  the  Starboard  or  Larboard,  as  has  been 
laft  ordered.  Plelm  a-midjhips  is  to  keep  the  Helm  in  a  right  Line 
with  the  Ship’s  Head  and  Stern,  neither  inclining  to  Right  or 
Left.  In  keeping  the  Ship  near  the  Wind,  thefe  Terms  are  ufed, 
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v\z  Locf  {or  Lvff)  Keep  your Luf  ;  Fall  not  aft  ;  Veer  no  more  i 
keep  her  to  ;  Touch  the  Wind ;  ftw  a  CW  of  the  Lee-latch  To 
maKe  her  go  more  large,  they  fay,  Eafeihe  Helm  ;  J\fo  near  ; 

To  keep  her  upon  the  fame  Point  they  fay,  Steady. ,  /*„.  <£ 

f  y°“  %>.  °5  ^uchullke-.  When  fire  neither  goes  by  a  Wind  nor  be! 
fore  a  Wind,  but  betwixt  both,  then  they  make  ufe  of  fome  of  the 
following  Terms,  which  are  all  of  the  fame  Signification,  viz 
The  Ship  goes  Lajhmg ,  Quartering,  Veering,  or  Large. 

The  Courfe  is  that  Point  of  the  Compafs  on  which  the  Shin 
fans.  What  Courfe  did  you  fad  on  ;  What  Point  of  the  Compafs  ? 
Ccw^Vfigmfy  the  Ship  s  Sails  ;  as,  She  is  under  a  Fore-eourfe^t 

Sails  °n,y-  U"d“  *“  ^  Coirfes, £ 

the  Sail,  viz.  unfurl  it,  and  let  it  fall  down. 

Davit.  A  long  Beam,  ufed  as  a  Crane  forhoiftW  the  Flukes  oFth<- 
Anchor  to  the  Top  of  the  Bow.  S  1  the 

Dead-water,  fignifies  the  Eddy-water  at  the  Stern  of  the  Ship 
The  Ship  drives ,  is  when  her  Anchor  gives  way  F 

DCo"4t  MaJi'  A  PCCUiiaI  Kind  0f  of  plaited 

DmmS‘  A  Quantity  of  loofe  Wood  laid  at  the  Bottom  of  the 
Ship  to  keep  the  Goods  from  Damage. 

To  hand  or  furl  a  Sail,  is  to  wrap  it  up  clofe  together  and  Kind  % 

t0  *««*«  ».  witioh  Piece  or 

To  lower  or  Jlrike  the  Flag,  is  to  pull  it  down  upon  the  Can  and  * 
either  done  m  fainting  with  the  utmoft  Refpect,  or  in  Toi  e„ 
yielding  to  an  Enemy  m  Fight.  ^  1  0  en  0i 

T<? /«//,  viz.  To  fall  aftern. 

Fore,  is  forward.  The  Head  of  a  Ship 

T  mf;iPFeT:fhiSdfrarn!'  FeCt  aS  fne  !"  *=  or  fo 

"  Wh£n  °"e  ShiP  has  **  Wind,  or  is  to  the  Weather 
Goofe-wings.  The  Clues,  or  lower  Corner  ofaShVe  M  •  v 
TheP7hCn  the  middle  Part  is  ^led  or’  tied  up  2  th^Yard 
UST*  ,,Z-  tUrnS  her  Head  “  the  W’nd  -orPit  flie 

rtm  gt"  hard  a-m‘“i,r 1  th«  itis  as  hard  to  the  Weather  as  it 

To  Hail  a  Ship;  to  call  her  Company  ;  to  know  ir-hdh*  n 

bound,  &c.  and  is  thus  done  •  //Z  S  thither  they  are 

which  they  Anfwer  Hoa  likewife  To  f  /  01  ,°n  y  ^ 5  to 

Trumpets;  &c.  is  called  JSr  T°  falUte  an°ther  ShiP  with 

n  lil,v‘fer'  1S  the  Cable  belonging  to  the  Anchor. 


Clear 
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Clear  the  Hawfe ,  is  when  two  Cables  that  come  through  feveral 
Hawfes  are  twilled,  and  are  ordered  to  be  untwifted  or  treed. 

To  hitch,  is  to  make  fall. 

The  Ship  heels.  She  inclines  more  to  one  Side  than  the  other ;  as. 
She  heels  to  the  Larboard,  viz.  inclines  to  the  Larboard  or  Left 
Side. 

The  Hold  of  a  Ship,  is  the  very  lower  Apartment  or  Divifion  in  the 
Bottom  of  the  Ship  betwixt  the  Keel  and  Lower-deck  where  all 
Goods,  Stores,  &c.  lie. 

To  rummage  the  Hold,  is  to  remove  or  clear  the  Goods,  &c.  out  of  it. 

To flow  the  Hold,  is  to  place  Goods,  See.  in  the  Hold. 

To  hoijl ,  is  to  haul  or  lift  up. 

The  Ship  labours  ;  that  is,  rolls  and  tumbles  much. 

Land-fall,  is  expreffing  an  Expe&ation  of  feeing  Land. 

Land-locked,  is  when  a  Ship  lies  within  a  Bay  or  Creek,  and  flickered 
all  round  by  the  Land,  fo  that  no  Point  is  open  to  the  View  of 
the  Sea. 

To  lajh,  fignifies  to  bind. 

To  launch  a  Ship,  is  to  put  her  forth  off  the  Dock  into  the  Water; 
but  in  fome  Cafes  it  is  ufed  in  a  negative  Senfe,  as 

Launch  hoa,  viz.  Hoift  no  more,  when  a  Yard  is  hoiked  high  enough, 
and  that  Orders  are  given  to  Hop. 

Lee-Jhore,  is  that  againft  which  the  Wind  blows. 

She  lies  by  the  Lee ;  that  is,  a  Ship  has  all  her  Sails  lying  flat  againft  the 
Mails  and  Shrouds. 

Leeward,  is  with  the  Wind,  or  on  that  Point  towards  which  the 
Wind  blows. 

Lee-way,  is  the  lateral  Movement  of  a  Ship  to  leeward  of  her  Courfe, 
or  the  Angle  which  the  Line  of  her  Way  makes  with  the  Keel 
when  ihe  is  clofe  hauled. 

Looming.  A  diltinCt  Appearance  of  aiftant  ObjeCts  at  Sea ;  as 
Coafts,  Ships,  or  Mountains. 

Mizen  has  feveral  Words  peculiar  to  it.  The  Mizen-mafl  is  that 
which  Hands  abaft  or  neareft  to  the  Stern  of  the  Ship  ;  and  from 
thence  every  Thing  belonging  to  that  Mall  is  diftinguilhed  accord¬ 
ingly,  as  are  all  the  other  Malls,  their  Rigging,  & c.  So  therefore 
the  Mizen-fail  is  called  the  Mizen,  and  is  thus  underftood,  viz. 

Set  the  Mizen ;  that  is,  fet  the  Mizen-fail. 

Change  the  Mizen ;  bring  the  Yard  to  the  other  Side  of  the  Mali. 

Peck  the  Mizen-,  that  is,  put  the  Yard  right  up  and  down  the  Mall. 

Spell  the  Mizen  ;  let  go  the  Sheet  and  peek  it  up. 

To  ?noor  a  Ship,  is  to  lay  out  her  Anchors  in  fuch  a  Manner  as  flie 
may  moll  conveniently  ride  with  Safety. 

Heap  Tides,  are  thofe  Tides  which  are  in  the  firft  and  laft  Quarter  of 
the  Moon,  and  are  not  fo  high,  fo  low,  nor  fo  fwift  as  the  Spring 


Tides. 
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The  Offing,  is  to  the  Seaward  from  the  Land. 

To  pay  a  Seam,  is  to  lay  hot  Pitch  and  Tar  on  (after  Caulking)  with¬ 
out  Canvafs. 

To  ride  a-peek ,  is  when  the  Yards  are  fo  ordered  that  they  feem  to 
reprefent  a  St.  Andrew’s  Crofs. 

Preventer-braces.  Temporary  Braces  fixed  occafionally  to  fuccour 
the  Main  or  Fore-yards  of  a  Ship  when  they  fuffer  an  unufuai 
Strain  in  a  hard  Gale  of  Wind. 

To  pur  chafe  an  Anchor-,  that  is,  to  loofen  it  fo  as  to  be  able  to  haul 
it  up. 

The  Capjlern  purchafes  a-pace,  viz.  Draws  in  the  Cable  a-pace. 

Puddening.  A  thick  Beef  or  Circle  of  Cordage  tapering  from  the 
Middle  towards  the  Ends,  and  flattened  about  Matts  to  prevent  the 
Yards  from  falling  down. 

Quarter-winds,  are  when  the  Wind  blows  in  abaft  the  Main-maft- 
fhrouds  even  with  the  Ship’s  Quarters. 

A  Quoit,  is  a  Rope  or  Cable  laid  up  round,  one  Fake  over  another; 
and  the  Fake  is  called  Quoiling. 

A  Range,  is  a  fufficient  Length  of  the  Cable  drawn  upon  Deck  be¬ 
fore  the  Anchor  is  let  go. 

Rounding  in,  or  pulling  in  feveral  Ropes. 

A  Reach,  is  the  Diftance  between  any  two  Points  of  Land  that  lie  in 
a  right  Line  from  each  other. 

To  reeve ,  is  to  put  a  R.ope  through  a  Block  ;  fo,  Unreeving  the  Rope 
is  to  pull  the  Rope  out  of  the  Block. 

To  ride.  A  Ship  is  faid  to  ride  at  Anchor  when  Hie  does  not  drive 
with  the  Wind  or  Tide,  but  is  held  fall  by  her  Anchors. 

To  ride  athwart,  is  to  ride  with  the  Ship’s  Side  to  the  Tide. 

To  ride  betwixt  IVmd  and  Tide,  is  when  the  Ship  rides  at  Anchor, 
and  that  the  Wind  and  Tide  are  contrary,  and  have  equal 
Strength. 

To  ride  Hawfe-f 'alien,  is  when  the  Water  breaks  into  the  Hawfes  in 
a'  rough  Sea. 

A  Road,  is  anyplace  near  the  Land  where  Ships  may  ride  at  An¬ 
chor,  from  whence  a  Ship  fo  riding  is  called  a  Roader. 

Route  in,  fignifies  to  haul  in,  and  is  properly  applicable  only  to  the 
Hawfer  or  Cable,  in  ordering  it  to  be  made  ftraight,  tight,  or 
tauprhtwhen  it  is  flack. 

;  O 

To  ferve  a  Rope,  is  to  wind  fomething  about  it  to  preferve  it  from 
fretting  or  wearing. 

A  Service.  The  Thing  wound  about  a  Rope  is  fo  called. 

To  feize,  is  to  make  fall  or  bind. 

She  feels ;  that  is,  when  on  a  fudden  the  Ship  lies  doV/n  on  her  Side, 
and  tumbles  from  one  Side  to  the  other. 

To  fettle  a  Deck,  is  to  lay  it  lower.  ' 

Shank-painter.  A  fhort  Rope  and  Chain  which  hangs  the  Shank  and 
Flukes  of  the  Anchor  up  to  the  Ship’s  Side. 

F  f  The 
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The  Ship  /jeers  ;  that  is,  fhe  goes  in  and  out,  and  not  right  forward. 

To  found,  is  to  try  with  a  Line  or  other  Thing  how  deep  the 
Water  is. 

The  Ship  has  /pent  her  Mafis ;  that  is,  they  have  been  broke  by  foul 
Weather:  But  if  a  Ship  lofe  her  Mails  in  Fight,  it  is  then  {aid. 
Her  Mafls  have  been  /loot  by  the  Board. 

To  fplice  Ropes  ;  that  is,  to  untwift  two  Ends  of  Pvopes,  then  twitt 
them  both  together,  and  fatten  them  by  binding  a  String  about 
them. 

The  Sails  are  fplit ;  that  is,  blown  to  Pieces. 

Spring  Tides,  are  the  Tides  at  New  and  Full  Moon  which  flow  high- 
eft,  ebb  loweft,  and  run  ftrongeft. 

The  Bowfprtt  /eeves,  viz.  Stands  too  upright. 

Stoppers  of  the  Cable  are  fhort  Robes  with  a  large  Knot  and  a  Laniard 
at  the  one  End,  and  are  fattened  to  a  Ring-bolt  in  the  Deck  by 
the  other.  They  are  attached  to  the  Cable  by  the  Laniard,  which 
is  fattened  fecurely  round  both,  by  feveral  T urns  patting  behind  the 
Knot  or  Nick  of  the  Stopper,  bv  which  Means  the  Cable  is  re- 
ftrained  from  running  out  of  the  Ship  when  at  Anchor. 

Stream  Buoy.  A  Buoy  belonging  to  a  fmall  Anchor  in  the  Ship. 

Streaks,  the  uniform  Ranges  of  Planks  on  the  Bottoms  or  Sides  of  Ships. 

Surge  the  Vial,  is  to  flacken  the  Rope  wound  about  the  Capftern  by 
which  the  Anchor  is  hove  up. 

Tack  about ;  that  is,  bring  the  Ship’s  Head  about  to  lie  the  other 
Way. 

Tally  aft  the  Sheets.  A  peculiar  Term  ufed  for  hauling  aft  the  Sheets 
of  the  Main  or  Fore-fail. 

A  Windward  Tide  is  a  Tide  that  runs  againtt  the  Wind. 

Tarpaulin.  A  broad  Piece  of  Canvafs,  well  daubed,  with  Tar  to  cover 
the  Platch-way. 

Tackle-fall.  Ropes  belonging  to  a  Tackle. 

A  LcewardTtde,  when  the  Wind  and  Tide  go  both  one  Way. 

A  Tide-gate  is  fo  called  where  the  Tide  runs  ttrong. 

Sfo  tide  it  up,  is  to  go  with  the  Tide  againtt  tire  Wind  ;  and  on  the 
Tide’s  altering,  to  lye  at  Anchor  till  it  ferves  again. 

It  flows  Tide  and  Half -tide  ;  that  is,  it  will  be  High-water  fooner  by 
three  Flours  by  the  Shore  than  in  the  Ofhng. 

To  Tew ;  that  is,  to  drag  any  Thing  after  the  Ship  or  Boat. 

The  Ship's  Traverfe,  is  her  Way. 

Veer.  To  haul  or  pull  a  Rope  tight;  or  the  Wind  is  faid  to  veer 
when  it  alters  its  Direction,  and  when  a  Ship  changes  herCourfe, 
by  turning  her  Stern  to  Windward,  in  Opposition  to  Tacking 
wherein  the  Head  is  turned  to  Windward. 

The  Wake  of  the  Ship,  is  the  dead  Water  that  follows  the  Ship. 

To  weather  a  Ship  ;  that  is,  to  go  to  Windward  of  her. 

To  wind  a  Ship,  viz.  To  bring  her  Head  about. 

How  Winds  the  Ship  P  that  i-s,  upon  what  Point  of  the  Compafs  fhe 
lies  with  her  Flead. 

To 
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To  warp  a  Ship  in  or  .out  of  Harbour,  is  to  carry  her  againft  the 
Wind  by  Means  of  carrying  out  an  Anchor  in  the  Boat  and  drop¬ 
ping  it  ;  then  to  haul  upon  it,  and  fo  carry  out  another  Anchor 
after  the  Ship  is  come  up  to  the  firfit  Anchor. 

To  would ;  that  is,  to  bind  Ropes  about  the  Mail  or  the  like,  to  keep 
on  a  Fifh,  or  firengthen  it. 

The  Ship  yaws ,  viz.  She  goes  ini  and  out,  and  does  not  fteer  Heady. 

Having,  in  the  preceding  Sheets,  treated  of  thofe  Parts  commonly 
taught  in  Schools,  and  prafiiifed  at  Sea,  Much  being  well  imder- 
ftood,  may  be  thought  fully  fufficient  for  qualifying  yoitng  Mariners; 
but  as  fome  are  ambitious  of  knowing  late  Improvements  made  in 
Navigation,  we  fhall  next  proceed  to  the  Solution  of  thofe  two  im¬ 
portant  Problems  ft)  long  withed  for,  viz.  The  New  Method  of  find¬ 
ing  the  Latitude  by  two'  Altitudes  of  the  Sun,  and  the  New  Method 
Of  finding  the  Longitude  at  Sea  by  taking  the  Moon’s  Diftaiice  from 
the  Suti  or  fixed  Star. 


The  New  Method  of  finding  the  Latitude  at  Sea,  by 
taking  two  Altitudes,  either  in  the  Forenoon  or  After¬ 
noon,  having  the  intermediate  Time  meafared  by  a 
Common  Watch,  with  Eafe  and  Accuracy,1  independent 
6f  the  Sun’s  Meridian  Altitude. 

GENERAL  RULES. 

TO  the  Arithmetical  Complement  of  the  Logarithm  of  the  Co. 

Sine  of  the  Latitude  by  Account,  add  the  Arithmetical 
Com.  of  the  Co.  Sine  of  the  Sun’s  Declination  ;  call  that  Sum,  the 
Logarithm  Ratio. 

From  the  Natural  Sine  of  the  gieateft  Altitude,  fubtradl  the  Na¬ 
tural  Sine  of  the  leaf!  Altitude,  and  find  the  Logarithm  of  their 
Difference,  and  write  it  under  the  Log.  R.atio. 

Subtract  the  Hours  and  Minutes  when  the  Altitudes  were  taken,1 
from  each  other,  and  Half  the  Difference  call  Half-elapfed  Time. 

With  Half  the  elapfedTime  enter  thefe  Tables,  and  from  the  Co¬ 
lumn  of  Half-elapfed  Time  take  out  the  Log-  anfwefing  thereto,  and 
fet  it  down  under  the  Log.  Ratio. 

F  f  2 


Add 
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Add  thefe  three  Logarithms  together,  and  with  their  Sum  enter 
the  Tables,  in  the  Column  of  Middle  Time,  where,  having  found  the 
Log.  neareft  thereto,  take  out  the  Time  correlponding  to  it,  and  put 
it  down  under  Half  the  elapfed  lime. 

Subtract  the  Lefs  from  the  Greater,  and  the  Difference  will  be 
the  Time  from  Noon,  when  the  greateft  Altitude  was  taken. 

With  this  Time  enter  the  new  Tables,  and  from  the  Column  of 
Rifing,  take  out  the  Logarithm  correlponding  to  it  -,  from  this  Loga¬ 
rithm  fubtraft  the  Log  Ratio,  the  Remainder  will  be  the  Logarithm 
of  a  Natural  Number;  which,  being  found  in  any  common  'Fable  of 
Logarithms,  and  added  to  the  Natural  Sine  of  the  greateft  Altitude, 
will  give  the  Natural  Sine  of  the  Sun’s  Meridian  Altitude. 

Having  the  Meridian  Altitude  of  the  Sun  at  Noon,  the  Latitude 
is  found  by  the  ufual  Method. 

N.  B.  If  the  Latitude,  found  by  tire  above  Procefs,  fhould  differ 
widely  from  the  Latitude  by  Account,  it  will  be  proper  to  repeat  the 
Operation  -,  ufing  the  Latitude  laft  found  inftead  of  the  Latitude  by 
Account,  till  the  R.e'fult  gives  a  Latitude  nearly  agreeing  with  the 
Latitude  ufed  in  the  Computation. 

EXAMPLE  I. 

Being  at  Sea  in  Latitude  46°  50'  North  by  Account,  when  the 
Sun’s  Declination  was  1 1°  17',  N.  at  10  H.  2  M.  in  the  Forenoon ; 
the  Sun’s  Altitude  was  46°  55',  and  at  1 1  H.  27  M.  in  the  Forenoon; 
the  Second  Altitude  was  540  7'.  Required  the  true  Latitude,  and 
true  Time  of  the  Day  when  the  greateft  Altitude  was  taken  ? 

Times 

H.  M.  S.  Lat.  46°  5c/  Arith.  Co.  of  Co.  Sine  0.16486 

1 1  27  00 

10  2  00  Dec.  11  17  Arith.  Co.  of  Co.  Sine  0.00847 

Ela.  T.  1  25  00  Added  gives  the  Log.  Ratio  0.17333 


JE1.T.  o  42  30 

The  Sun’s  gr.  Alt.  at  11  H.  27  M.  is  540  i  its  Nat.  Sine  81021 
The  Sun’s  leaft  Alt.  at  10  H.  2  M.  is  46°  55'  its  Nat.  Sine  73036 


The  Remainder  or  DifF.  of  Nat.  Sines  79^5 


Log.  Ratio  -  1 7 3 33 

The  Common  Log.  of  the  Diff.  N.  S.  79^5  .  3-9C227 

In  the  NewTablesin  Col.  4  EH.  Time  for  42  M.  30  S.  is  Q-"34-29 

Their  Sum  is  the  Log.  of  Middle  Time  4-bQ9^9 

The 
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H.M.  S. 

The  H.  M.  &c.  for  which  by  the  New  Tables  is  1 5  3° 

Subtract  Half-elapfed  Time  -  42  3° 

The  DifF.  is  the  true  Space  of  Time  the  Sun  had  to  1 - 

rife  to  the  Meridian  when  the  grea.teft  Altitude  was  >  o  33  OO 

taken  J 

H.M. 

Time  per  Watch  1 1  27 
Sub.  from  12  00 

00  33  Finding  they  agree,  the  Watch  is  right. 


Enter  the  Tables  with  33  M.  under  Col.  of  Rifing,  and 
you  will  find  the  Log. 

From  which  fubtraft  the  Log.  Ratio 


3.01488 

0-17333 


The  Natural  Number  of  which  is  694 


2.84155 


To  the  Natural  Sine  of  the  greateft  Alt. 

Add  the  Natural  Number  of  the  above  Log. 


8iC2I 

694 


The  Sum  is  the  Natural  Sine  of  the  Sun’s  Meridian 
Altitude,  54°  481 

90°  co' 

54  48 


The  Sun’s  Zen.  Dift.  35  1 2 
The  Sun’s  Decl.  1 1  17 


By  obferving  the  Sun’s  Merid.  Alt. 
the  fame  Day  the  Lat.  was  found  to  be 
46°  30''  N. 


Lat. 


46  29  N. 


Note.  The  Arithmetical  Com.  is  found  by  fubtra£ling  the  Lo¬ 
garithmic  Sine  of  any  Number  of  Degrees,  &c.from  io.ooqoo. 


EXAMPLE  II. 

Being  at  Sea  in  Lat.  47 0  19'  N.  by  Account,  when  the  Sun’s  De¬ 
clination  was  1 2a  i6/N.  at  10  H.  24  M.  A.  M.  per  Watch,  the 
Sun’s  Alt.  was  49^  9',  at  1  H»  14M.  P.  M.  his  Alt.  was  5iP59/* 
Required  the  Latitude  ? 

H.  M.  S.  Alt.  Nat.  S.  Lat.  47°  19  €>.16880 
10  24  o  490  9'  75642  Sun’s  Dec.  12  16  0.01003 

1  14  o  51  29  78783  - 

- - Log.  Ratio  17883 

Slap. T.  2  50  0  DifF.N.  S.  3141  Its  Log.  3-497°7 


f  El.  T.  1  25  o  Its  Log.  in  Col.  of  \  Elap.  Time  is  0.44077 

Sub.  0  15  O  Col.  of  Mid.  Time  correfponding  to  4.11667 

True 
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TrueT.  1  10  o  Its  Log.  in  Col.  of  Rifing  is 
T.p.W.  1  14  o  Log.  Pvatio  Sub. 


Wa.faft'o  4  o  3066  the  Nat.  Number  of  this  Log. 


N.S.Sun’sgr.Alt.  78783 

90 

00 

N.S. St  Mer.  Alt.  81849 

=  54 

56 

Sun’s  Zen.  Dift. 

35 

4 

Sun’s  Decl. 

12 

16  N. 

Lat  in 

47 

20  North. 

3.66541 

0.17882 


3.48659 


( Here  the  Latitude  found  by  Computation  may  be  relied  on,  as  it 
differs  but  one  Mile  from  that  ufed  in  the  Operation. 


EXAMPLE  III. 


Being  at  Sea  in  Lat.  50°  40'  North  per  Account,  when  the  Sun’s 

^^1 .  vi  n  fi  /-v*-.  Ttro  n  n  C  (-L  _  T  X  ,T  A  lk  IT  Vv  v  . 


Times 

H.  M.S. 

10  17  o 

11  17  o 


»7 

19 


Alt.  Nat  S.  Lat.  50°4o' 
Decl.  20  00 

*  I3'=  29599 
41  =33682  Log.  Ratio 


0.19803- 

0.02701 

0.22504 


Ela.  T.  1  0 

0 

■|  El.  T.  0  30 

0 

1  01 

0 

Tr.  Ti.  0  31 

0 

D.p.W.  0  43 

0 

W.flow  0  12 

0 

90° 

00' 

20 

01 

Zen.  DR. 69 

59 

Decl.  20 

00  S 

Diff.  N.  S.  4083  Its  Com.  Log.  3.6^98 
Its  Log.  from  Col.  ,  Elap.  Time  is  0.88430 
In  Col.  of  Mid.  Time  correfponding  to  4.72032 

From  Noon,  its  Log.  from  Col.  of  Rif.  2.96067 
Log.  R.atio  Sub.  0.22504 


544 N.  Ntrm.  of  2.73563 

33682  N.  S.  greateft  Alt. 


34226  N.S.  of  Sun’s  Mer.  Alt.  20° 


Lat.  49  59  N. 

But.  as  this  Latitude  differs  41  Miles  from  that  by  Account,  it  wilf 
be  proper  to  repeat  the  Operation,  uffng  the  Lat.  laft  found  inftead  of 
the  Lat.  by  Account. 


4  Elapfed 


0.19178 

0.02701 


H,  M.  S. 
I  Elapfed  Time  o  30  00 
1  00  00 


Lat. 

Decl. 


True  Time  o  30  00 
Time  per  Watch  o  43  00 


49°  59' 
20  00 


Log.  Ratio 


Watch  flow 
True  Time 


o  13  00 
O  30  O 


H.  M. 

In  Col.  Mid.  T.  1  o 
Its  Log.  in  Col.  of  Riling  is 


0,21879 

3.61098 

0.88430 


4-7!4°7 

2.93223 
Log.  Ratio  0.21879 

5 1 7  Nat.  Num.  of  2.7 1 344 

33682  Nat.  S.  great  Alt, 


Nat.  S.  Sun’s  Mer.  Alt; 


34199  =  200  oo/ 


Zen.  Dift. 
Decl. 

The  Lat. 


70 

20 


op 

00  S. 


50  00  North. 

The  Latitude  laft  found  differing  only  one  Mile  from  that  ufedin 
the  Operation,  may  be  depended  on  as  the  true  Latitude.  Hence  it 
is  plain,  that  the  Operation  is  repeated  with  very  little  additional 
Trouble,  but  few  Alterations  being  neceffary. 

example  IV. 

Being  at  Sea  in  the  Latitude  of  6o°  o'  North  by  Account,  when 
the  Sun  was  on  the  Equator,  and  eonfequently  had  no  Declination 
at  r  H.  o  M.  P.  M.  per  Watch,  his  Altitude  was  280  cV  ancj  a£ 

3  H.  oM.  P  M.  per  Watch,  it  was  20°  42'.  Required  the  true  Lat. 
Times.  T  ,  w  . 


Elap.  T. 


T.fr.Noo. 


H 

M. 

S. 

1 

00 

00 

3 

00 

00 

2 

00 

00 

.  1 

00 

00 

2 

00 

00 

.  1 

00 

00 

u  r 

00 

OQ 

Alt.  N.  S. 
28  53  =  48303 
20  42  =  35348 


Lat.  60°  o'  —  0.30103 
Dec.  00  00  =  0.00000 


I2955 


Log.  Ratio 
Its  Log. 


Its  Log.  in  Col  of  -i  Elap.  T 
Its  Log.  in  Col.  of  Mid.  T. 


O.30103 

4-11244 

0.58700 

1 

5.00047 


Its  Log.  from  Col.  of  Riling  3  53242 

Log.  Ratio  0.30103 


*7°3 

48303 


3.23x40 


Nat.  S.  of Sun’sMer. Alt.50006  =  30°  00'  Sun’s  Mer.  Alt. 


60  00  Latitude. 


The 
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The  Latitude  by  Computation,  coming  the  fame  with  the  Lati¬ 
tude  by  Account,  fhews,  that  the  Latitude  by  Accouet  was  right. 
From  the  foregoing  Examples,  it  is  plain,  that  the  Operation  is  the 
fame,  whether  the  Sun  hath  North  or  South  Declination.  And  it 
will  be  the  fame  whether  the  Ship  is  in  a  North  or  South  Latitude. 
It  is  alfo  clear,  that  when  the  Sun  has  no  Declination,  the  Arithme¬ 
tical  Complement  of  the  Log.  Co.  Sine  of  the  Latitude,  is  the  Log. 
Ratio. 

EXAMPLE  V. 

July  5,  1770,  wanting  to  go  through  the  89ofN.  Channel,  among 
the  Maldives,  and  by  Account  being  Latitude  70  2c'N.  at  7  H. 
25  M.  40  S.  A.  M.  the  true  Altitude  of  the  Sun’s  Centre  was  22* 
30',  and  at  10  H.  31  M.  48  S.  A.  M.  it  was  found  630  40'.  Re¬ 
quired  the  Ship’s  true  Latitude? 

H.  M.  S.  Alt.  Nat.  S.  Lat.  by  Ac.  70  20'  0.00390 

Times  10  31  48  63°  40'  89623  D.  July  5,  22  48  0.03533 


7  25  40  22  30  38268  - - 

- -  Log.  Ratio  0.03923 

Elap.T.  3  6  8  5  r  355  Its  Log.  4.71058 

2EI.T.  1  33  00  Its  Log.  in  Col.  of  J  Elap.  Time  is  0.40368 

3  1  30  H.  M.  S. - 

- -  3  1  30  5- 1 5.349 

TrueT.  i  28  30  Its  Log.  in  Col.  of  riling  is  3.86709 

T.p.W.  x  28  12  Log.  Ratio  0.03923 


Wat.  A.  o  o  18  6728  Nat  Num.  3.72786 

90  co  89623  Nat.  S.  gr.  Alt. 

Her.  Alt.  74  29 - 


* -  96351  N.  S.  Sun’s  Mer.  Alt.  740  29'. 

Zen.  Dill.  15  31 

Decl.  22  48 

Lat.  in  717  North. 

N-  B.  As  the  T ables  are  only  calculated  to  30  Seconds,  the  Log. 
for  any  intermediate  Seconds  is  found  by  taking  the  Difference  be¬ 
tween  the  Log.  next  greater  and  next  lefs,  and  faying,  as  30  Seconds 
is  to  that  Difference,  lo  is  the  given  Seconds,  to  the  Difference  of  the 
Logarithms  or  if  it  be  any  even  Part,  take  fuchaPartof  the  Dif¬ 
ference,  and  apply  it  to  the  next  lefs  Logarithm. 


SECOND 
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SECOND  OPERATION, 

Lat.  70  17'  0.00352 

Dec.  22  48  o.°3533 


H.  M.  S. 
3  1  3° 

1  33  00 


Log.  Ratio  0.03885 

4.71058 

0.40368 

H.  M.  S. - 

3  1  3°  5-U32i 


True  Time  1  28  30  3.86709 

N.  S.  gr.  Alt.  89623  Log.  Latio  0.03885 

6734  N.  Nu.  Log.  3.82824. 

N.  S.  Sun’s  M.  Al.  96357  =  74  29  Hence  the  Lat.  in  is  70  17'  N. 

The  Latitude  laft  found,  agreeing  with  that  ufed  in  the  Opera¬ 
tion,  it  may  be  taken  as  the  True  Latitude;  and  the  Operation  is  re¬ 
peated  with  very  little  additional  Trouble,  but  few  Alterations  being 
neceffary.  Hence  it  is  plain,  that  if  you  are  miftaken  in  the  Latitude 
by  Account,  yet  by  repeating  the  Work  two  or  three  Times,  making 
ufe  of  the  Latitude  laft  found  in  the  next  Operation,  it  will  at  laft  dif- 
cover  itfelf  to  be  true,  by  being  equal  to  the  laft  Suppofition,  which 
evidently  (hews  the  excellency  of  thefe  New  Tables. 

In  the  former  Examples  we  have  confidered  both  Altitudes  taken 
at  the  fame  Place  or  Station  ;  but  as  that  is  feldom  the  Cafe  at  Sea, 
the  neceffary  Corrections  for  any  Alteration  of  Station  may  be  readily 


made,  as  follows  :  H.  M. 

Suppofe  the  firft  Altitude  in  the  Forenoon  at  10  26 

The  fecond  Altitude  in  the  Afternoon  at  2H.  43  M.  1 4  43 

Difference  of  Longitude  made  is  30  Miles  W.  equal  to  02 


14  4i 
10  26 

Subtracted  is  the  Elapfed  Time  4  15 

If  a  Ship  has  been  failing  to  the  Eaftward,  the  above  two  Minutes 
mult  be  added  ;  but  unlefs  the  Difference  of  Longitude  be  confi- 
derable,  it  is  not  worth  Notice,  as  it  will  make  a  very  inconfiderable 
Error  in  the  Latitude. 

Again,  If  the  Ship  fails  or  makes  towards  that  Point  of  the  Com- 
pafs  which  the  Sun  bears  upon,  Ihe  muft  raife  the  Sun’s  Altitude  as 
many  Minutes  as  the  Miles  fhe  has  run  towards  it ;  therefore  the 
Miles  run  towards  the  Sun  muft  be  added  to  the  firft  Altitude  ;  but  if 
failing  from  the  Sun,  thq  fame  muft  be  fubtraded :  If  they  are  but 
few,  they  are  not  worth  minding ;  and  then  the  Seaman  may  make 
a  very  good  Eftimation  by  looking  at  the  Log-board  only,  who,  by 
that,  will  be  able  to  afcertain  the  Diftance  failed  to,  or  from  the 

G  g  Sun 
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Sun,  between  the  Obfcrvations,  which  will  be  of  fufficient  Exactnefs 
in  the  Practice  of  Navigation  ;  and  if  the  Ship  makes  an  Angle  with 
the  Sun's  Bearing,  it  may  be  readily  found  by  the  Table  of  Dif¬ 
ference  of  Latitude  and  Departure,  and  then  either  add  or  fubtraft, 
according  as  the  Cafe  requires  ;  as  may  be  feen  in  the  following  Ex¬ 
amples,  which  are  inferted  for  the  Benefit  of  thofe  who  require  a 
greater  Degree  of  Accuracy. 

EXAMPLE  VI. 


On  the  2 id  of  December,  1772, being  in  a  Ship  from  the  Bay  of 
Bifcay,  bound  to  the  Englifh  Channel,  in  a  brifk  Gale  running  N.  E. 
fE.  per  Compafs,  at  the  Rate  of  9  Knots  per  Hour,  at  10  H. 
coM.  A.  M.  per  Watch,  obferved  the  Sun’s  Altitude  13^  i8'bear- 
South  E.  by  Compafs,  and  at  iH.  40  M.  P.  M.  per  Watch,  the 
Sun’s  Altitude  again  was  found  140  15',  the  Latitude  by  Account 
being  then  49°  17'  N.  required  the  true  Latitude  ? 

The  Correction  to  the  firft  Altitude. 


TheTime  of  the  firft  Obfervation  is  10  H.  00  M.  A.  M.  and  of 
the  Second  1  H.  40  M.  P.  M.  the  Elapfed  Time  is  3H.  40  M.  and 
the  Rate  of  Sailing  is  9  Miles  per  Hour ;  then  fay,  by  the  Rule  of 
Three,  as  1  H.  is  to  9  Miles,  fo  is  3H.  40'  to  33  Miles,  the  Diftance 
run  in  the  Elapfed  Time. 

Again,  The  Sun’s  Bearing  at  the  firft  Obfervation  is  South  |E.  the 
oppofite  Point  to  which  is  N.  |  W.  or  ^  Point,  and  the  Ship’s  Courfe 
during  the  Ela.  Time  is  N.  by  E.  £  E.  1  \  Points,  fo  the  Angle  of 
Ship’s  Courfe  with  the  Sun’s  Bearing  is  2i  Points. 

Now  in  the  Table  of  Difference  of  Latitude  and  Departure,  to  the 
Courfe  2-|  Points,  and  Diftance  33,  the  Difference  of  Latitude  is  29, 
and  the  Ship  is  failing  from  the  Sun ;  therefore  from  the  firft  ob¬ 
ferved  Alt.  139  18',  take  29,  the  Remainder  1 2°.  49',  the  firft  Alti¬ 


tude  corre£fed,  which  is  to  be  ufed  in  the  Operation  as  follows  : 


H.  M.  S. 
Times  10  00  00 
1  40  00 


Lat. 

Decl. 


49 

23 


>7 

28 


Ela.T.  3  40  00 


|EI.  T.  1 
o 


Diff.  N.  S. 
Its  Log. 


2432 


Log.  Ratio 
Its  Log. 


30  00 
10  00 


Time  correfponding  to 


1  40  00  Its  Log.  in  Col.  ofRifing  is 

Log.  Ratio 
5606  Nat,  Num.  of 


90  00 
*7  35 

Zen.Dill.72  23  N.  S.  M.  Alt. 
Decl.  23  28 


24  bit 
30221  =  17  3s 


0.18554 

°-°3749 

0.22303 

3.38596 

°*335i9 

3-94458 

3.97170 
o  2230J 

3.74867 


Lat.  48  57  N. 


But 
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But  as  the  Latitude  by  Computation  differs  confiderably  from  that  - 


by  Account,  the  Work  muft  be  repeated. 

Latitude  48°  57'  r=  0.18262 
Deck  23  28  =:  0.03749 


Log.  Ratio  0.2201  r 

H.  M.  S.  Diff.  N.  S.  2432  Its  Log.  3.38506 
1  50  00  Its  Log.  0-33559 


o  10  00  Time  anfwering  to  3.94166 


00  00  1  40  00  Its  Log.  in  Col.  of  Rifing  3.97170 

17  37  Log.  Ratio  0.22011 


Zen.Dift.72  23  5644  Nat.  Num.  of  3-75159 

Deck  23  28  24615 


Tr.Lat.  48  55  N.  30259 N.  S.  Mer  Alt.  170  37 ' 

This  Latitude  differing  only  2  Miles  from  that  ufed  in  the  Com¬ 
putation,  it  may  be  depended  upon  as  the  true  Latitude. 

EXAMPLE  VII. 

A  Ship  failing  N.  E.  i  E.  by  Compafs,  at  the  Rate  of  9  Knots  an 
Hour,  at  oH.  31  M.  40  S.  P.  M.  per  Watch,  I  found  the  Altitude 
of  the  Sun’s  lower  Limb  28°  20 '  above  the  Horizon  of  the  Sea,  the 
Eye  being  elevated  20  Feet  above  the  Surface  of  the  Water,  and  the 
Sun’s  Bearing,  by  Compafs,  being  at  the  fame  Time  S.  by  W.  and 
at  2  H.  58M.  20S.  P.  M.  by  Watch,  the  Altitude  of  the  Sun’slower 
Limb  was  160  41'  above  the  Horizon,  the  Eye  being  elevated  as  be¬ 
fore,  and  the  Latitude  by  Account,  at  the  Time  of  the  laft  Obferva- 
tion,  was  48°  oo/  North,  and  the  Declination  130  17'  South.  Re¬ 
quired  the  true  Latitude  at  taking  the  laft  Obfervation. 

Firft  obfetved  Alt.  of  S’s  lower  Limb  28?  20'  Second  ditto  i6°4i' 
Refra&ion  to  be  fubtra&ed  2  3 


Corre&ed  for  Refra&ion 

28 

18 

16  38 

Dip  of  the  Horizon  fubtra&ed 

4 

4 

App.  Alt. 

Sun’s  Semi-diameter  added 

28 

14 

*6  34 

0 

16 

0  16 

Corredl  Altitudes  of  Sun’s  Centre  28  30  16  50 

Correftion  for  the  firft  Altitude. 

The  Time  of  the  firft  Obfervation  oH.  31  M.  40  S.  P.  M.  of  the 
Second  2H.  58M.  20S.  P.  M.  fo  the  Elapfed  Time  is  2  H.  26M. 
40  S.  :  the  Rate  of  Sailing  is  9  Miles  ,  per  Hour.  Then  as 
j  H.  :  9  Miles, : :  2  H.  26  M.  40  S. :  22  Miles,  the  Diftance  run  in 
the  Elapfed  Time. 

Gg2 


Again, 
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Again,  The  Sun’s  Bearing  at  the  firfl  Obfervation  is  S.  by  W.  the 
oppofite  Point  to  which  is  N.  by  E.  or  j  Point. 

The  Ship’s  Courfe  during  the  Ela.  Time  is  N.  E  f  E.  or  4  f  Pts. 

So  the  Angie  of  the  Ship’s  Courfe  with  ?  N  v  N  x  x  ,ipt! 

the  Sun’s  Bearing  is.  j  '  1  '  3 2 

In  the  Table  of  Difference  of  Latitude  and  Departure,  to  the 
Courfe  3  \  Points,  andDiftance  22  Miles,  the  Difference  of  Latitude 
is  17  Miles,  and  the  Ship  fails  from  the  Sun. 

Wherefore,  firft  obfervcd  Altitude  28°  30'  —  17'  —  28°  13'  the 
firft  correcET  Altitude  to  be  ufed  in  the  Operation. 

H.  M.  S.  Alt.  N.  S.  La  by  Ac.  48°  o'  0.17449 

Times,  o  31  40  28  13  47281  Decl.  13  17  0.01178 

2  58  20  16  49  28931  - 

- - Log.  Ratio  0.18627 

Ela.  T.  2  26  40  Diff.N.S.  18350  Its  Log.  4.26364 


£  El.  T.  1  13  20  Its  Log  from  Col.  of  ’.-elapfed  Time  0.50232 
I  46  30  In  Col.  of  Middle  Time  correfpond.  to  4.95223 


O  33  10  Its  Log.  from  Col.  of  Rifing  3-01925 

Log  Ratio  0.18627 

N.  S.gr.  Alt.  47281  - 

90  00  687  N.  Num.  of  2.83298 

Mer.  Alt.  28  40  - 

— . - N.  S.  Mer  Alt.  47968  —  28°  40'. 

Zen.  Dif.  61  20 
Decl.  13  17 


Lat.  48  3  N. 

And  as  it  differs  but  three  Miles  from  the  Latitude  by  Account,  it 
may  be  taken  as  the  true  Latitude. 

By  the  Ship’s  Courfe  per  Compafs,  is  to  be  underflood,  its  Courfe 
'made  good,  Lee-way,  if  any,  being  firfc  allowed,  or  the  Courfe,  by 
Compafs,  corrected  for  the  Lee-way  only,  but  not  for  the  Variation. 
Had.the  Variation  of  the  Compafs  been  applied,  both  to  the  Ship’s 
Courfe  and  the  Sun’s  Bearing,  it  would  not  have  ^made  any  Dif¬ 
ference  in  the  Operation  or  Refulr,  as  the  Angle  formed  by  them, 
will  always  be  the  fame,  whether  they  are  both  efti mated  by  the  Ccm- 
pafs,  or  when  the  Variation  is  allowed  on  both. 

Having  in  thcfe  Operations  obtained  not  only  the  true  Latitude, 
but  alfo  the  true  Time  of  the  Day,  the  true  Azimuth  is  eafily  de¬ 
termined  ;  and  as  a  tolerable  Watch  cannot  be  fuppofed  to  vary  in 
the  Space  of  one,  two,  or  three  Hours,  the  Azimuth  may  be  taken 
at  any  reafonabie  Time  afterwards,  and  the  Variation  of  the  Com¬ 
pafs  afcertained  in  a  very  eafy  and  famuli  «ir  Manner,  without  the  true 
Latitude. 
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EXAMPLE. 

In  Latitude  51°  40/N.  the  Sun’s  Declination  15°  io'N.  at  2M. 
paft  Six  in  the  Afternoon,  the  Sun’s  Altitude  was  1 1°  30/.  The 
Sun’s  true  Azimuth  is  required  at  that  Time. 

As  the  Co.  Sine  of  the  Sun’s  Alt.  y8v  3c/ 

Is  to  the  Sine  of  Hour  from  Noon  6  2  =  90  30 

So  is  the  Co.  Sine  Sun’s  Decl.  74  50 


9.99119 
9.9999^ 
9  98460 


To  Sine  of  true  Azimuth  8o°  2'  N. 


1 9-98458 

9.99119 

9-99339 


This  Method  of  finding  the  Latitude  is  of  excellent  Ufe,  fince 
there  are  fo  many  Circumftances  at  Sea  which  deny  the  Opportunity 
of  having  the  Sun  s  Meridian  Altitude ;  and  as  the  knowing  the  true 
Latitude  is  of  the  greateft  Confequence,  cfpecially  in  coming  into 
the  Englilh  Channel,  &c.  where  there  are  frequent  Obftruaions  of 
Clouds  -,  every  Seaman  ought  to  be  ready  at  determining  his  Lati¬ 
tude,  by  this  Method,  whenever  an  Opportunity  offers,  left  he 
fhould  not  fee  the  Sun  upon  the  Meridian. 

Note.  1  he  nearer  to  Noon  the  Obfervations  are  taken,  the  better; 
provided  the  elapfed  Time  be  not  much  lefs  than  half  the  Interval  of 
Time,  when  they  are  both  taken  on  the  fame  Side  of  Noon,  nor 
much  greater  than  once  and  half  the  greater  Interval,  when  taken  on 
different  Sides  of  Noon. 


Of  finding  the  Longitude  at  Sea. 

I  Have  given  Rules  for  correfting  the  Longitude,  as  far  as  can  be 
done,  by  help  of  the  Latitude,  being  truly  afcertained  by  Ob¬ 
servation.  J 

Notwithftanding,  as  the  Longitude  given  by  Dead  Reckoning 
though  kept  and  corrected  with  the  greateft  Care,  is  very  uncertain  : 
therefore  it  would  be  of  the  utmoft  Importance  to  Navigation,  could 
it  be  afcertained  exa&ly,  or  even  within  foine  moderate  Limits  :  Ex¬ 
pedients  have  been  propofed  for  determining  it;  of  thefe  we'fhall 
only  mention  two  or  three,  the  reft  having  wholly  failed. 

One  Expedient  for  determining  the  Longitude  at  Sea  is  the  Varia¬ 
tion  Chart,  firft  publifhed  by  Dr.  Halley,  in  the  Year  i700:  and 
fine*  corrected  by  Mr.  Mountaine,  F.  R.  S.  which  has  been  found 

uieiul  on  many  Occafions,  for  correcting  both  the  Latitude  and  Lon¬ 
gitude  at  Sea. 


Another 
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Another  Expedient  was  propofed  about  200  Years  ago,  for  {hew¬ 
ing  the  Longitude  at  Sea,  which  is  an  exad  Time-meafurer.  Could 
fuch  a  Piece  be  condru&ed  as  to  move  with  pcrfe£t  Uniformity,  at 
all  Seafons,  and  in  all  Places,  fuch  a  Time-keeper  being  fet  to  the 
Time,  at  any  Place,  (fuppofe  London)  would  always  fhew  the  precife 
Time  under  the  Meridian  of  that  Place  ;  then  the  Time  of  the  Day 
at  any  other  Place  being  found,  the  Difference  between  this  Time 
and  the  Time  at  London,  fhewed  by  the  Time-meafurer,  would  give 
the  Difference  between  the  Meridian  of  the  Place  in,  and  London  ; 
which  being  converted  into  Longitude,  by  allowing  150  for  one 
Hour,  &c.  would  be  the  Difference  of  Longitude.  The  Mariner  then 
would  have  nothing  more  to  do  but  to  provide  himfeif  one  of  thefe 
Time-meafurers,  regulated  to  the  London  Time ;  and  when  he 
thought  proper,  End  the  Time  of  the  Day  under  his  then  Meridian, 
and  to  turn  the  Difference  of  Time  thus  found,  and  the  Time- 
meafurer,  corrected  by  the  Equation  of  Time  into  Longitude,  which 
would  give  him  his  Longitude  from  London  with  great  Eafe  and  Ex- 
aftnefs.  But  fuch  Irregularities  had  been  found  in  the  Motions  of  the 
bed  Clocks  and  Watches,  efpecially  when  expoled  to  the  irregular 
violent  Agitations  of  a  Ship  at  Sea,  and  the  different  Temperaturesof 
Air,  and  Alterations  in  the  Power  of  Gravity,  attending  the  Change 
of  Situation  and  Climate,  in  long  Voyages ;  that  all  Attempts  made 
to  determine  the  Longitude  by  their  Means,  proved  to  very  little  Pur- 
pofe  till  within  thefe  few  Years :  Mr.  John  Harrifcn  having,  by 
long  Application  found  Means,  if  not  wholly  to  remove,  at  lead, 
greatly  to  leffen,  many  of  the  Irregularities  to  which  Watches  of  the 
common  Condru&ion  are  fubjeci,  executed  a  Watch  fo  much  im¬ 
proved,  and  fo  exact  in  its  Motion,  that  in  a  Voyage  made  in  the 
Year  1764,  by  Appointment  of  the  Ccmmiffioners  of  Longitude, 
for  a  Trial  of  the  Watch,  from  Portfmouth  to  Barbadoes,  and  from 
thence  back  to  England,  which  took  up  about  five  Months,  the 
Watch  was  found  to  have  deviated  from  true  mean  Time  only  54 
Seconds  :  This  Watch,  however,  has  not,  for  fome  Time  pad, 
made  any  great  Noife  •,  and  it  is  difficult  to  fay  what  Advantage  Na¬ 
vigation  may  reap  from  it,  though  it  probably  may  reap  fome  ;  but 
certain  it  is,  that  whatever  Improvements  may  be  made  in  Clocks 
aud  Watches,  they,  like  every  mechanical  Movement,  mud  ever  be 
fubjeft,  probably  to  fome  internal  conditutional  Irregularit'es,  and 
certainly  to  Injury,  from  various  Accidents  *,  on  which  Account  the 
Mariner  may,  with  good  Reafcn,  be  diffident  of  them,  and  anxioufly 
defirous  of  Means  to  enable  him  to  find  his  Longitude,  from  Time 
to  Time,  with  fufficient  Exadnefs  by  celedial  Oblervations. 
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Of  finding  the  Longitude  by  celcftial  Obfervations. 

Many  Methods  for  finding  the  Longitude  by  celeftial  Obferva- 
tion  have  been  propofed  and  fuccefsfully  prattifed  on  Land ;  but 
none  has  been  found  fo  convenient  at  Sea,  as  that  of  cbferving  the 
Moon’s  Diftance  from  the  Sun,  or  a  fixed  Star  ;  both  on  account  of 
the  Shortnefs  of  the  Moon’s  Period,  and  confequently  her  quick 
Progrefs  in  her  Orbit,  and  alfo  on  account  of  her  being  aim  oft  con- 
ftantly  confpicuous,  and  capable  of  being  obferved. 

The  Moon  revolves  round  her  Orbit,  or  returns  to  the  fame  Star 
from  which  fhe  fet  out,  in  27  Days,  7  Hours,  43  Minutes,  and  12 
Seconds :  She  performs  her  Revolution  with  refpect  to  the  Sun, 
or  revolves  from  one  Conjunction  with  him  to  another,  in  29  Days, 

1 2  Hours,  44  Minutes,  and  3  Seconds  ;  wherefore  her  daily  mean 
Motion  in  her  Orbit,  being  little  more  than  13  Degrees,  and  her 
daily  mean  Motion  from  the  Sun,  a  little  more  than  12  Degrees, 
confequently  in  2  Minutes  of  Time,  which  anfwers  to  half  a  Degree 
of  Longitude,  fhe  will  advance  in  her  Orbit  about  one  Minute, 
which  is  a  very  difcernible  Alteration  of  Place. 

At  Sea,  by  careful  Obfervation,  and  a  little  Calculation,  the 
Moon’s  Diftance  may  be  found  from  the  Sun,  or  a  proper  Star ;  as 
alfo  the  Time  of  the  Meridian  of  the  Ship  when  this  Diftance  was 
-obferved.  From  good  Lunar  Tables,  the  Time  to  the  Meridian  of 
any  noted  Obfervatory,  fuch  as  Greenwich,  may  be  found ;  when 
her  Diftance  from  the  Sun,  or  the  aforefaid  Star,  is  the  fame  with 
that  found  as  above,  and  the  Difference  of  thefe  Times  turned  into 
Longitude,  gives  the  Longitude  of  the  Ship  from  the  Obfervatory. 

About  the  beginning  of  the  fifteenth  Century,  John  Warner  made 
fome  Attempts  to  render  this  Method  of  finding  the  Longitude  at 
Sea  practicable.  Dr.  Halley  judged  it  the  beft  of  all  aftronomical 
Methods  for  this  Purpofe.  But  as  yet,  two  Qbftacles  oppcfed  its 
yielding  any  confiderable  Advantage  :  The  firft  was,  that  there  was 
no  Inftrument  by  which  the  Moon’s  Diftance  from  any  other  ce¬ 
leftial  ObjeCts  could  be  obferved  at  Sea,  with  the  neceflary  Degree 
of  ExaCtnefs  ;  the  fecond,  that  there  were  no  Lunar  Tables  that  gave 
the  Moon’s  Place  with  nearly  fufficient  Accuracy.  Both  thefe  Ob- 
ftacles  are  now  happily  removed  :  The  firft,  by  the  Invention  of  John- 
Hadley,  Efq.  who,  about  the  Year  1730,  completed  that  excellent 
Quadrant  which  bears  his  Name;  and  which,  accommodated  as  it 
now  is  with  Vernier’s  Divifion,  and  other  properj  Improvements, 
Will,  in  the  Hands  of  an  expert  Obferver,  give  the  angular  Diftance 
of  any  two  remote  ObjeCts  to  a  quarter  of  a  Minute  of  a  Degree. 
And  the  other,  by  the  great  Diligence  and  Care  of  Mr.  Tobias 
Mayer,  late  Profeffor  of  Aftronomy  at  Gottingen,  who  has  brought 
the  Lunar  Tables  to  a  Degree  of  ExaCtnefs  before  unknown.  Thefe 
Tables  of  Mayer’s  having,  after  jiis  Deceafe,been  received  in  Manu- 

feript 
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fcript  by  the  Commiffioners  of  Longitude,  and  having,  by  their  Or* 
der,  been  carefully  compared  with  Dr.  Jdradley’s  Obfervations',  and 
from  thence  received  fome  Corrections  and  Additions,  have  lately 
been  printed  and  publifhed,  under  the  Infpeftion  of  Mr.  Malkelyne, 
Aftronomer  Royal ;  who  allures  us,  that  the  Error  in  them  fcarce1 
ever  exceeds  one  Minute  at  mod,  and  feldom  amounts  to  20  Seconds ; 
fo  that  the  Uncertainty  hence  ariling  in  the  Determination  of  the 
Longitude  can  fcarcely  ever  exceed  half  a  Degree,  and  generally  will 
not  exceed  10  Minutes.  To  render  Mayer’s  Tables  of  general  Ufe, 
and  to  fave  the  Mariner  the  Trouble  of  Calculation  as  much  as  poffi- 
ble,  by  Authority  of  the  Commiffioners  of  Longitude  there  is  now 
annually  publifhed  a  Nautical  Almanack,  or  Ephemeris,  confifting  of 
a  variety  of  Particulars,  ufeful  both  to  the  Navigator  and  Aftrono¬ 
mer  ;  and  containing  every  Thing  that  can  well  be  done  for  fhorten- 
ing  and  facilitating  the  Operation  of  finding  the  Longitude  at  Sea, 
by  obferving  the  Moon’s  Diftance,  from  the  Sun,  or  a  Star.  Every 
Mariner,  defirous  of  finding  his  Longitude  by  Obfervation,  will  un¬ 
doubtedly  take  Care  to  provide  himfelf  with  this  Almanack  ;  which 
done,  he  may  at  any  Time  compute  his  Longitude  as  follows. 
And  firft. 

To  find  the  apparent  Time  at  Sea,  and  thereby  to  regulate 
the  going  of  the  Watch. 

Among  the  Methods  propofed  for  this  Purpofe,  that  by  equal 
Altitudes  feems  very  fit  to  pradlife  at  Sea.  At  the  Time  when  the 
Watch  ftands  in  need  of  being  regulated  for  the  Observations  in¬ 
tended,  the  Ship  lying  by,  let  the  Sun’s  Altitude  be  taken,  and  any 
convenient  Time  in  the  Forenoon  3,  4,  or  5  Hours  diftant  from  the 
Meridian,  fet  down  that  Time  and  Altitude.  In  the  Afternoon 
wait  for  the  Sun’s  having  the  fame  Altitude  exactly,  (the  Index  of 
the  Quadrant  being  already  fet  to  the  Morning  Altitude)  and  note 
down  the  Time  ;  then  half  the  Sum  of  thefe  two  Times  is  the  ap¬ 
parent  Time  fhewn  by  the  Clock  or  Watch,  when  the  Sun  was  upon 
the  Meridian  of  that  Place. 

Left  that  an  Altitude  taken  in  the  Forenoon  cannot  have  a  cor- 
refponding  one  in  the  Afternoon,  by  the  interpofition  of  Clouds,  it 
is  therefore  proper  to  take  feveral  in  the  Forenoon,  in  order  to  have 
a  greater  Probability  of  fecuring  a  correfponding  one  in  the  After¬ 
noon  ;  and  if  feveral  Obfervations  of  equal  Altitudes  can  be  taken  on 
both  Sides  of  the  Meridian,  it  will  be  beft  to  find  the  Noon  for  each 
Pair,  and  take  die  Mean  of  all  the  Noons  thus  found  for  the 
true  one. 

If  there  is  Reafon  to  believe  that  the  Watch  gains  or  lofes  confi- 
derably  in  a  Day,  other  Sets  of  Obfervations  ffiould  be  taken  on  fuc- 
ceffive  Days,  whereby  the  daily  Variation  of  the  Watch  may  be 
found  and  allowed  for  j  by  which  Means  the  Artift  will  have  little 

more 
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Xyiore  to  do  in  finding  his  Longitude  by  Obfervation,  than  to  reduce 
the  obferved  Diftance  to  the  true  Diftance  of  their  Centres ;  the 
Ship’s  Time  being  fhewn  by  the  Watch  regulated  as  before. 


EXAMPLE  I. 


May  26,  1775,  at  8H.  40  M. 
Forenoon,  and  at  3H.  16M.  Af¬ 
ternoon,  by  Watch,  the  Sun  had 
equal  Altitudes.  Required  the 
going  of  the  Watch  ? 


Now  add  together  1 2  00 

8  40 
3  16 

Take  half  the  Sum  23  56 

Gives  app.  Noon  1 1  58 

Noon  per  Watch  12  00 

Watch  too  fall  2 


March  18,  1775,  being  m  Latr 
49°  N.  at  8H.  10M.  58  S.  Fore¬ 
noon,  and  at  3H.  58  M.  34S.  f 
had  equal  Altitudes  of  the  Sun. 
Flow  did  the  Watch  go  ? 

H.  M.  S. 


Add  together 

12  0  0 

8  ib  58 

3  58  34- 

Take  half  tKe  Sum 

24  9  32 

Gives  the  app.  Noon 

12  4  46 

Noon  per  Watch 

12  0  ca 

Watch  too  flow 

4  46 

Another  Method  of  finding  the  apparent  Time  at  Sea; 

With  a  good  Hadley’s  Quadrant,  well  adjufted,  take  the  Altitude 
of  the  Sun’s  lower  Limb ;  take  the  Difference  between  the  Sun’s 
Semi-diameter,  found  in  Page  3d  of  the  Month  in  the  Ephemeris, 
and  the  Dip  of  the  Florizon,  and  add  it  to  the  obferved  Altitude  of 
his  lower  Limb,  and  you  have  the  apparent  Altitude  of  his  Centre.- 

From  which  fubtratt  the  Corredlion  of  his  Altitude,  as  found  in 
the  Table  for  that  Purpofb,  and  the  Remainder  will  be  true  Altitude 
of  his  Centre  •,  hence  the  true  Zenith  Diftance.  . 

Find  the  Ship’s  Latitude  and  Longitude  by  Account,  at  the  Time 
of  Obfervation,  by  carrying  the  Reckoning  forward  to  that  Time. 

Find  the  Sun’s  Declination  in  Page  2  of  the  Month  in  the  Ephe¬ 
meris  ;  correft  this  Declination  by  the  Ship’s  eftimated  Longitude, 
and  Time  from  Noon  of  the  Obfervation  ;  with  this  eorredl  Declina¬ 
tion  find  the  Polar  Diftance,  by  adding  it  to  90°,  when  the  Latitude 
and  Declination  are  one  North,  and  the  other  South  ;  but  if  both 
North  or  South,  fubtrafting  the  Declination  from  90°,  gives  the 
Sun’s  Diftance  from  the  elevated  Pole;  Then, 

Add  together  the  Ship’s  Co.  Latitude,  the  Polar  Diftance,  and 
Zenith  Diftance. 

From  half  their  Sum  fubtraft  the  Zenith  Diftance,  noting  the 
faid  half  Sum  and  the  Difference. 

H  h 


Then 
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Then  to  the  arithmetical  Co.  Sine  of  the  Latitude,  add  the  arith¬ 
metical  Co.  Sine  of  the  Polar  Diftance,  and  the  Logarithms  of  the 
Sines  of  the  half  Sum  and  the  Difference. 

Half  the  Sum  of  thefe  four  Logarithms  is  the  Co.  Sine  of  half  the 
Horary  Angle,  which  being  doubled  gives  the  Horary  Angle,  or 
Diftance  of  the  Sun  from  the  Meridian. 

The  Angle  being  turned  into  Time  by  allowing  one  Hour  to  every 
fifteen  Degrees,  &c.  gives  the  apparent  Time  at  the  Ship,  if  it  be  in 
the  Afternoon  j  but  it  be  in  the  Forenoon,  the  Complement  to  24 
gives  the  apparent  Time,  counted  from  the  preceding  Noon. 


EXAMPLE  I. 

Suppofe  a  Ship  at  Sea,  in  Lat.  39°54'N.  and  Long.  350  30'W. 
of  Greenwich,  by  Account,  on  the  7th  of  May,  1774,  at  5  H.  30M. 
P.  M.  by  Watch,  the  Altitude  of  the  Sun’s  lower  Limb  was  found 
1 50  45',  by  a  fore  Obfervation,  the  Eye  being  18  Feet  above  the 
Water.  What  was  the  true  apparent  Time  at  taking  the  Obferv¬ 
ation. 

Ob.  Alt.  S’slower Limb 
Semi-di.  15'  c?" 

D!P'  ,  4  .  3 

Diff.  Semi-di.  and  Dip  1 1  50 


1 50  45' 00" 


App.  Alt.  Sun’s  Centre  15  56  50 
Corredtion  from  Table  3  8 


Ship’s  Lat.  390  54' 

Co.  Lat.  50  6 

H.  M. 

Ti.  at  Ship  per  Watch  5  30 
Long.  p.  Ac.  350  30'=  2  22 


Ap.  ti.  atGreen.p.  Wa.  7  52 


Sun’s  true  Alt.  15  53  42 

Sun’s  true  Zen.  Dift.  74  6  18 

The  Sun’s  Declination,  May  7,  at  Noon,  bv  the  Ephemeris,  is 
160  54  18"  N.  May  8,  it  is  17°  io'  39"  N.  the  daily  Diff.  or  De- 
creafe  is  16'  21". 

Then,  as  24.  :  16'  ,21"  : :  7  H_  52  M.  :  5'  21",  which  add  to 
l6°  54'  1 8',  the  Sun’s  Declination  the  preceding  Noon,  gives 
1^|059'*39  /^r-  Ae  Sun’s  true  Declination  at  the  Time  and  Place  of 
Obfervation,  which  lubtra&ed  from  90°,  leaves  70°  o'  21",  the  po¬ 
lar  Diftance. 

Ar.  com  Si.  co.  Lat. 

Ar.  com.  pol.  Dift. 

Sine  |  Sum 
Sine  of  Remainder 


.Co.  Lat.  50°  6'  0/' 
Pol.  Dift.  73  021 
Ze.  Dift.  74  6  19 


Sum 


197  12  40 


50° 

73 

98 

24 


6 

o 

36 

30 


—  c.11511 

"  0.01940 


21 

20 


9.99509 

9.&1773 


f  Sum  98  36  20 
Ze.  Dift.  74  6  19 


Sum  of  the  four  Logs. 
Co-fi.  i  the  hor.  An.  41 


Diff. 


37 

2 


J9-74733 

9.87366 


The  hor.  Angle  83  14  which  being  di¬ 
vided 


24  30  1 
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vided  by  15,  gives  5  H.  32  M.  59  S.  the  true  Time  when  the  Obfer- 
vation  was  taken,  fo  the  Watch  was  2  M.  56S.  too  how. 

The  Logarithm  for  Degrees,  Minutes,  and  Seconds,  is  found  by 
taking  the  Difference  between  the  next  greater  and  next  lefs  Loga¬ 
rithm,  and  faying,  as  60  Seconds  :  is  to  that  Difference  : :  fo  is  the 
Seconds  given  :  to  a  fourth  Number ;  which  fourth  Number  being 
added  to  the  left  Hand  of  the  next  lefs  Logarithm,  gives  the  Loga¬ 
rithm  required.  By  the  Reverfe  of  this,  when  the  Logarithm  is 
given,  the  Seconds  may  be  found  :  But  if  the  given  Seconds  be 
i-haif,  1.3d,  I -4th,  or  nearly  any  other  even  Parts  of  a  Minute,  the 
like  Parts  may  be  taken  of  the  Difference  of  the  Logarithms,  and 
added  to  the  next  lefs,  and  that  will  be  the  Logarithm  of  the  De¬ 
grees,  Minutes,  and  Parts  of  a  Minute  required. 

The  fame  may  be  obferved  of  natural  Sines. 


EXAMPLE  II. 


January  i,  1774,  in  Lat.  50°  34'S.  and  Long.  550  40' W.  at 
2  5 M •  P.  M.  per  Watch,  the  true  Altitude  of  the  Sun’s  Centre 

^  3S  A.I  •  Required  the  true  nnnarpnt  HP i m p  ortrl  17*-%*/^*. 


Watch  V  *  ^ec^rec*  true  apparent  Time,  and  Error  in  the 

Zen.  Dift. 


H.  M.  S. 


48°  28' 


at  Ship  2  53  30  Ar.  co.Co.  Si.Lat.  39  26 
wh  sLo.55°40  W.  3  32  40  Ar.  co.  pol.  Dili  67 

Greenwich  Ti.  6  36  jo  The  Sum 


2l 


0.197 10 
0.03586 


SsDec.  Jan.  1,  22  59  17-  3  Sum 
Ditto  ditto  2,  225354  Zen.  Dift.  fub. 


Deer,  in  24  H.  523 
Then  as  24  H.  :  5  23  : : 
6H.  36  M.  :  1.24, 

Decl. 


Sub.Dif.  in  6H.36M. 


22°  59' 17" 


Difference 
Sum  of  four  Logs. 


*54  Ml 

77  28 
48  28 

29  00 


9.98952 

9.68557 

19.90805 


1  24  Si.  co,  l  hor.  Angle  25  54  —  9.95402 

S’s  Dec.  at  Ship  22  57  43  - H.  M.  jL* 

9°  Hor.  Ang.  51  48=3  27 


Polar  Dift. 

Alt.  obf. 
Zen.  Dift. 
Go*  Lat 


H.  M.  S. 

07  2  17  The  app.  Time  at  Noon  3  27  12 
-  Time  by  Watch  2  53  30 

33  42 


4*  32 
48  28 

39  2$ 


Watch  flow 


H  h  a 


To 
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To  find  the  apparent  Time  at  Sea  ly  an  Obfervation  of  a  Star. 

Having  carefully  obferved  the  Star’s  apparent  Altitude,  which 
correct  by  the  Dip  and  Refraction,  find  the  Ship’s  Latitude  and  Lon¬ 
gitude  by  Account,  at  the  Time  of  Obfervation,  by  carrying  the 
Reckoning  forward  to  that  Time,  and  find  the  Star’s  right  Afcenfion 
and  Declination. 

From  the  Ship’s  Latitude,  and  Star’s  correfh  Declination  and  La¬ 
titude,  find  the  Co.  Lat.  Polar  Diftance,  and  Zerrth  Difhnce,  and 
with  thefe  find  the  Hour-angle  (as  (hewn  in  the  laft  Examples  of  the 
Sun)  j  turn  this  Hour-angle  into  Time,  and  apply  it  to  the  Star’s  right 
Afcenfion,  by  fubtracbing  it  when  the  Star  is  Eaft  of  the  Meridian, 
but  adding  it  when  it  is  Weft ;  this  gives  the  right  Afcenfion  of  the 
Mid.  Heaven. 

From  the  right  Afcenfion  of  the  Mid.  Heaven  (encreafed  by  24 
Hours  if  necefiary)  fubtradb  the  Sun’s  right  Afcenfion  at  preceding 
Noon  at  Greenwich,  taken  from  Page  2d  of  the  Month  in  the  Ephe- 
meris,  the  Remainder  is  the  apparent  Time  of  the  Obfervation, 
nearly  at  the  Ship  ;  to  which  apply  the  Longitude  of  the  Ship  from 
Greenwich,  turned  into  Time,  adding  it  when  the  Longitude  is  Weft 
of  Greenwich,  but  fubtracbing  it  when  Eaft,  and  you  will  have  the 
apparent  Time  of  the  Obfervation  nearly  by  the  Meridian  of 
Greenwich. 

Then  fay,  as  24  Hours  is  to  the  daily  Variation  of  the  Sun’s  right 
Afcenfion,  fo  is  this  Time  to  a  Number  of  Minutes  and  Seconds, 
which  fubtrafh  from  the  Time  of  Obfervation  at  the  Ship,  found  as 
above,  leaves  the  ccrrett  apparent  Time  at  the  Ship. 

E  X  A  M  P  L  E. 

Suppofe  at  Sea,  May  18,  1774,?.  M.  in  the  Latitude  330  43',  and 
Longitude  45°  o'  Weft  of  Greenwich  by  Account,  the  Altitude  of 
the  bright  Star  in  the  Harp,  Lyra  was  obferved  to  be  36°  3',  the 
Height  of  the  Eye  above  the  Sea  being  16  Fec-t.  Required  the  ap- 
naient  Time  of  Obfervation  ? 


Alt. 

36 

v  3'  0"  Ship’s  Lat. 

33°  43  N. 

Dip  for  16  Feet  3  49 

Co.  Lat. 

56  17 

Refr. 

1  18 

5  7  Lyra  Decl. 

38  35  N. 

-  Polar  Dift. 

5i  2  5 

True  Alt.  of  Lyra  35 

57  53 

Zen.  Dift. 

54 

2  7 

Whence  to  find  the  Time. 

Co.  Lat. 

56°  >?' 

Ari.  co.  Si.  co.  Lat. 

56° 

1 7'  C.C7999 

Polar  Did. 

51  25 

Ari.  co.  Si.  nol.  Dift. 

25  0.10695 

Zen.  Dift 

54  2 

Si.  iSum 

80 

52  9.99448 

Sum 

171  44 

Si.  Difference' 

26 

50  9-65456 

4  Sum 

80  52 

Zen.  Dift. 

fub.  54  2 

Sum  four  Logs. 

>9-83597 

Difference 

26  50 

Si.  !-  hor.  Angle 

34 

7  9-9H98 
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H.  M.  S. 

Hour  Angle  68  14=4  32  56 
Which  fubtra&ed  from  Lyra’s  right  Afcenfion  18  29  17 

The  Rem.  is  the  right  Afcenfion  of  the  Mid.  Heaven  13  56  21 

From  which  fub.  the  Sun’s  right  Afcen.  May  18,  at  Noon  3  40  55 

Remains  the  apparent  Time  of  Ship  nearly  10  15  26 

Add  Ship’s  Longitude  Weft  of  Greenwich,  450  300 

Sum  is  apparent  Time  at  Greenwich  nearly  13  15  26 


Sun’s  right  Afcenfion,  May  18,  at  Noon,  is  3  40  55 

Ditto,  May  19,  3  44  45 

Daily  DifF.  or  Increafe  of  right  Afcenfion  3  eg 

Then  fay,  as  24FI.  :  3'  59''  :  :  13H.  15M.  26 S.  :  2'  1 3',  which 
fubtra&ed  from  10  H.  15  M.  26  S :  the  Time  at  the  Ship  leaves 
10H.  13M.  1 3  S.  the  corredf  apparent  Time  at  the  Ship,  at  the 
Time  of  Obfervation. 

Note  t.  If  an  Obfervation  of  the  Sun  has  not  been  taken  the 
preceding  Noon,  or  two  Altitudes  to  find  the  Latitude,  it  may  be 
afeertained  by  taking  the  Meridian  Altitude  of  the  Star,  either  be- 
foie  or  after  the  Obfervation  is  made  for  finding  the  Time. 

Note  2.  If  the  Ship’s  Longitude  Eaft  of  Greenwich  in  Time  be 
greater  than  the  apparent  Time  at  the  Ship,  the  apparent  Time  muft 
be  increafed  by  24  Hours  before  fubtracling  the  Logitude  ;  and  Ill 
this  Cafe,  the  Sun’s  right  Afcenfion  muft  be  taken  out  of  the  Ephe- 
meris  for  one  Day  of  the  Month  lefs  than  that  reckoned  at  the  Ship. 
And  if  the  Ship’s  Longitude  Weft  of  Greenwich  in  Time,  added  to 
the  apparent  Time  of  the  Ship,  makes  more  than  24  Hours,  24 
Hours  muft  be  fubtra&ed  from  the  Sum,  to  obtain  the  apparent  Time 
at  Greenwich  ;  and  the  Sun’s  right  Afcenfion  muft  be  taken  out  of 
the  Ephemeris  for  one  Day  of  the  Month  more  than  that  reckoned  at 
the  Ship. 

The  Qbje£I,  whether  Sun  or  Star,  whofe  Altitude  is  taken  for 
finding  the  Time,  muft  be,  at  ieaft,  three  or  four  Points  of  theCom- 
pafs  diftant  from  the  Meridian  ;  becaufe,  near  the  Meridian,  the  Al- 
teration  in  Altitude  is  too  flow  for  afeertaining  the  Time  with  proper 
Exadlnefs  •,  but  the  nearer  the  Objedb  is  to  the  Eaft  or  Weft  the 
better,  provided  it  be  not  lefs  than  50  high  ;  for  as  the  Refradlion  is 
variable  and  irregular  near  the  Horizon,  lefs  Altitudes  than  50  ought 
not  to  be  ufed,  as  the  EfFedl  of  Refradtion  upon  them  cannot  be  de¬ 
termined  with  fufficient  Certainty. 

As  often  as  the  Moon’s  Diftance  from  the  Sun  or  Star  is  obferved, 
in  order  to  find  the  Longitude,  the  apparent  Time  at  the  Ship  muft 

be 
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be  found.  The  Difference  between  this  Time,  and  the  Time  of 
taking  the  Altitude  for  finding  it,  given  by  the  Watch,  {hews  the 
Error  of  the  Watch,  and  whether  it  be  too  faft  or  too  flow;  and  this 
Error  mufl  be  carefully  allowed  for,  in  eftimating  the  Time  of  taking 
the  Moon’s  Diftance  from  the  Sim  or  Star.  The  lefs  the  Interval  of 
Time  between  finding  the  apparent  Time,  and  obferving  the  Moon's 
Diftance,  the  better ;  and  it  is  the  fame  whether,  it  be  before  or 
after  obferving  her  Diftance. 

To  take  the  Obfervations  neceffary  for  finding  the  Longitude 

at  Sea. 

The  capital  Obfervation  for  this  Purpofe  is,  that  of  the  Diftance 
of  the  Moon  from  the  Sun,  or  fome  remarkable  Star  not  far  from  the 
Zodiac.  In  order  to  make  fuch  Obfervations,  the  Obferver  muft  be 
furnifhed  with  a  Watch  that  can  be  depended  upon  for  keeping 
Time,  within  a  Minute  for  fix  Hours ;  and  with  a  good  Hadley’s 
Quadrant,  or  rather  Sextant,  which  is  preferable  to  a  Quadrant. 
The  Inftrument  will  ftili  be  more  fit  for  the  Purpofe  if  it  be  furnifhed 
with  a  Screw,  to  move  the  Index  gradually  and  fteadily  ;  an  addi¬ 
tional  dark  Glafs,  lighter  than  the  common  Screens,  to  take  off  the 
Glare  of  the  Moon’s  Light,  in  obferving  her  Diftance  from  a  fixed 
S"nr;  and  a  fmall  Telefcope  magnifying  ttiree  or  four  Times,  to  ren¬ 
der  the  Contadt  of  the  Star  with  the  Moon’s  Limb  more  difcernible  ; 
a  magnifyin  Glafs  of  i  £  or  2  Inches  Focus  will  affift  the  Obferver 
to  read  oft  his  Obi.  ovation  with  greater  Enfe  and  Certainty. 

The  Obferver  muft,  in  the  firft  Place,  examine  his  Inftrument  with 
the  greateft  Case,  and  ad  juft  it  with  the  utmoft  Exactnefs  poflible  ; 
which  done,  let  him  proceed  to  his  Obfervation  as  follows. 

If  the  Diftance  of  the  Moon  from  the  Sun  is  to  be  obferved,  turn 
down  one  ot  the  Screens,  look  at  the  Moon  diredtly  through  the 
rranfparent  Part  of  the  Horizon-glafs,  and  keeping  her  there,  gently 
move  the  Index  till  the  Sun’s  Image  is  brought  into  the  filvered  Part 
of  that  Glafs,  luing  the  neared:  Limbs  of  both  Objects  into  Contadt, 
and  let  the  Quadrant  librate  a  little  on  the  Lunar  Ray,  whereby  the 
Sun  will  appear  to  rife  and  fall  by  the  Side  of  the  Moon;  in  this 
Motion  the  neared:  Limbs  muft  he  made  to  touch  one  another  ex- 
adtlv,  by  moving  the  Index;  when  this  is  effected,  the  Obfervation 
is  made;  and  the  Divifion  cut  by  the  Vernier  Scale  will  {hew  the 
Diftance  of  the  neared:  Limbs  of  the  Objects. 

If  the  Diftance  cf  the  Moon  from  a  Star  is  to  be  obferved,  when 
the  Moon  is  very  bright,  turn  down  the  lighteft  Screen,  or  ufe  a 
dark  Glafs,  lighter  than  the  Screens,  and  defigned  for  this  particular 
Purpofe ;  look  at  the  Star  directly  through  the  tranfparent  Part  of 
the  Horizon-glafs,  and  keeping  it  there,  move  the  Index,  till  the 
Moon’s  Image  is  brought  into  the  filvered  Part  of  the  fame  Glafs ;  let 
the  Quadrant  librate  gentlvon  the  Star’s  Ray,  and  the  Moon  will  ap¬ 
pear  to  rife  and  fall  bv  the  Star;  between  the  Librations  move  the 

Index, 
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Index,  till  the  Moon’s  enlightened  Limb  is  exactly  touched  by  the 
Star,  the  then  Obfervation  is  made. 

The  Quadrant  is  to  be  held  as  for  a  fore  Obfervation,  and  its  Plane 
muft  always  be  made  to  pafs  through  the  two  Objedls  whofe  Dif- 
tance  is  to  be  obferved,  and  for  that  Purpofe,  muft  be  put  into  various 
Pofitions,  according  to  the  Situation  of  the  Objefts,  "which  will  be 
rendered  familiar  by  a  little  Experience. 

At  the  very  Inftant,  or  at  moil  within  a  very  few  Seconds  of  the 
Time,  at  which  the  Obferver  gives  Notice  of  completing  his  Obferv¬ 
ation,  fomebody  muft  obferve  the  Hour,  Minute,  and  Quarter  Mi¬ 
nute  (if  there  be  no  Second  Hand)  of  the  Watch,  ufed  for  finding 
the  apparent  Time  ;  and  at  the  fame  Inftant  of  the  Obferver’s  giving 
the  aforefaid  Notice,  or  at  the  utmoft  within  a  Minute  of  that  Time  j 
two  Affiftants  muft  take  the  Altitudes  of  the  two  Objects,  whofe 
Diftance  is  obferved  •,  all  which  being  done,  the  Obfervations  ne- 
ceffary  for  afcertaining  the  Longitude  are  completed. 

In  the  Ephemeris  is  found,  the  Moon’s  Diftance  from  the  Sun, 
and  alfo  from  proper  Stars,  to  every  three  Hours  apparent  Time,  by 
the  Meridian  of  Greenwich  ;  and  to  afford  the  Mariner  greater  Num¬ 
ber  of  Opportunities  of  Obfervation,  and  Means  of  attaining  a  greater 
Degree  of  Exa&nefs,  her  Diftance  is  generally  fet  down  from  at  leaft 
one  Objedf  on  each  Side  of  her.  Her  Diftance  from  the  Sun  is 
found  fet  down,  while  it  is  between  40°  and  1 20°,  fo  that  by  ufing  a 
Sextant,  it  may  be  obferved  for  two  or  three  Days  after  her  firft,  and 
before  her  laft  Quarter ;  while  fhe  is  between  20°  and  40°  from  the 
Sun,  her  Diftance  is  fet  down  only  from  a  Star  on  the  contrary  Side 
to  the  Sun :  while  fhe  is  between  40°  and  90°  from  the  Sun,  her  Dif¬ 
tance  is  fet  down  both  from  the  Sun  and  from  a  Star,  on  the  contrary 
Side  to  the  Sun-,  when  fhe  is  between  900  and  1 20°  from  the 
Sun,  her  Diftance  is  fet  down  both  from  the  Sun  an  a  Star,  on  the 
fame  Side  with  the  Sun,  and  alfo  from  a  Star  on  the  contrary  Side  to 
the  Sun.  Laftly,  when  fhe  is  above  120°  from  the  Sun,  her  Diftance 
is  fet  down  from  two  Stars,  one  on  each  Side  of  her.  Her  Diftance 
from  Obje&s  on  the  Eaft  of  her  is  found  in  the  Ephemeris,  in  the 
8th  or  9th  Pages  of  the  Month  ;  her  Diftance  from  Ob  j  efts  on  the 
Weft  of  her  is  found  in  the  10th  and  1  ith  Pages  of  the  Month. 

An  Obferver  who  ufes  the  Ephemeris,  muft  obferve  the  Moon’s 
Diftance  from  fome  of  thofe  Stars  only,  whofe  Diftance  from  her  is 
fet  down  in  the  Ephemeris,  and  the  Diftances  there  fet  down  afford 
him  a  ready  Means  of  knowing  the  Star  from  which  her  Diftance 
ought  to  be  obferved;  for  he  has  nothing  to  do  but  to  fet  his  Qua¬ 
drant  to  the  Diftance  computed  roughly  at  the  apparent  Time,  efti- 
mated  nearly  by  the  Meridian  of  Greenwich,  and  look  to  the  Eaft  or 
Weft  of  the  Moon,  according  as  the  Diftance  at  Greenwich  is  found 
in  the  8th  or  9th,  or  in  the  10th  or  nth  Pages  of  the  Month,  anti 
having  found  the  Moon  upon  the  Horizon-glafs,  let  him  give  a 
fweep  with  his  Quadrant  to  the  right  or  left,  and  he  will  find  the 
Star  he  wants,  if  it  be  above  the  Horizon,  and  the  Air  be  clear. 
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in  nearly  a  Line  perpendicular  to  the  Line  joining  the  Moon’s 
Horns,  or  which  is  the  fame,  in  the  Line  of  the  Moon’s  lhorter  Axis 
produced. 

The  Time  at  Greenwich  iseftimated  nearly  by  turning  the  Ship’s 
fuppofed  Longitude  from  Greenwich  into  Time,  and  adding  it  to,  or 
fubtracfing  it  from,  the  apparent  Time  at  the  Ship;  as  the  Ship  is 
Taft  or  Weft  of  Greenwich  ;  and  the  Diftance  of  the  Moon  from  the 
Star,  at  this  Time,  is  found  roughly,  by  faying,  as  ibo  Minutes,  the 
Number  of  Minutes  in  three  Hours,  is  to  the  Difference  in  Minutes 
(neglecting  Seconds)  between  this  nearly  eftimated  .  me,  and  the 
next  preceding  Time  fet  in  the  Ephemeris ;  fo  is  the  iJifference  in 
Minutes  between  the  Diftances  in  the  Ephemeris,  fet  down  for  the 
next  preceding  Time  and  the  next  following  Time,  to  a  Number  of 
Minutes,  which  added  to,  or  fubtratted  from,  the  Diftance  fet  down 
for  the  faid  precedingTime, according  as  it  is  increafingor  decrcafing, 
gives  the  Diftance  nearly  at  the  Time  the  Obfervation  is  to  be  made, 
and  to  which  the  Quadrant  or  Sextant  is  to  be  fet. 

To  reduce  the  Obferved  or  Apparent  Diftance  of  the  Moon’s 
Limb  from  a  Star,  or  from  the  Sun’s  Limb,  to  the  true 
Diftance  of  their  Centres,  and  to  find  the  Longitude  of  the 
Ship  from  Greenwich. 

To  the  apparent  Time  of  the  Obfervation  at  the  Ship,  apply 
the  Longitude  turned  into  Time,  by  Subtraction  or  Addition,  ac¬ 
cording  as  the  Ship  is  Eaft  or  Weft  of  Greenwich  ;  this  gives  the 
apparent  Time  of  the  Obfervation,  which  call  the  reducedTime. 

In  Page  the  7th  of  the  Month,  in  the  Ephemeris,  feek  the  neareft 
Noon  or  Midnight  preceding  the  reduced  Time ;  and  alfo  the 
neareft  Noon  or  Midnight  following  it;  always  taking  the  neareft  to  the 
reduced  Time,  both  before  and  after  it,  whether  Noon  or  Midnight. 

Write  down  the  Moon’s  Semi-diameter,  and  horizontal  Parallax, 
for  the  preceding  Noon  or  Midnight,  and  alfo  for  the  following 
Noon  or  Midnight ;  and  find  the  Difference  between  the  two  Semi¬ 
diameters,  and  between  the  two  Parallaxes  :  The  firft  of  thefe  Dif¬ 
ferences  is  the  Variation  of  the  Semi-diameter  in  12  Hours,  and  the 
fecond,  the  Variation  of  the  horizontal  Parallax  in  12  Hours;  then 
fay,  as  12  Hours  is  to  the  Difference  between  the  reduced  Time  and 
the  preceding  Noon  or  Midnight,  fo  is  the  Variation  of  the  Semi¬ 
diameter  in  12  Hours  to  a  fourth  Proportional,  and  fo  is  the  Varia¬ 
tion  of  the  horizontal  Parallax  in  12  Hours  to  a  fourth  Proportional ; 
thefe  Fourths  applied  refpeftively  to  the  Semi-diameter  and  Parallax, 
for  the  preceding  Noon  or  Midnight,  by  Addition  or  Subtraction, 
according  as  the  Semi-diameter  and  Parallax  are  increafing  or  de- 
creafing,  give  the  Moon’s  horizontal  Semi-diameter  and  Parallax  for 
the  reduced  Time. 

To  the  Moon’s  horizontal  Semi-diameter  for  the  reduced  Time, 
add  the  Correction  anfwerine  to  her  obferved  Altituue,  taken  from  the 

Table* 
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Table  ;  the  Sum  is  the  true  apparent  Semi-diameter,  at  the  Time 
and  Place  of  Obfervation. 

To  the  obferved  Diftance  of  the  Moon’s  Limb  from  a  Star,  apply 
the  Moon’s  true  apparent  Semi-diameter,  juft  found  by  Addition  or 
Subtraction,  according  as  the  Limb,  neareft  to,  or  fartheft  from  the 
Scar,  was  obferved,  and  you  will  have  the  apparent  Diftance  of  the 
Moon’s  Centre  from  the  Star.  But  to  the  obferved  Diftance  of  the 
Sun  and  Moon’s  neareft  Limbs  add  the  Sum  of  the  Sun’s  Semi¬ 
diameter,  taken  from  Page  3d  of  the  Month  in  the  Ephemeris,  and 
the  Moon’s  true  apparent  Semi-diameter  juft  found,  and  you  will 
have  the  apparent  Diftance  of  their  Centres. 

Take  the  Difference  between  the  Sun’s  Semi-diameter  found  in 
the  Ephemeris,  and  the  Dip  of  the  Horizon,  and  add  it  to  the  ob¬ 
ferved  Altitude  of  the  Sun’s  lower  Limb,  but  fubtraCt  from  the  ob¬ 
ferved  Altitude  of  his  higher  Limb,  and  you  will  have  the  apparent 
Alt.  of  his  Centre.  Take  the  Difference  between  the  Moon’s  true 
apparent  Semi-diameter  and  the  Dip,  and  add  it  to  the  obferved  Al¬ 
titude  of  her  lower  Limb,  but  fubtraCt  it  from  the  obferved  Altitude 
of  her  higher  Limb,  and  you  will  have  the  apparent  Altitude  of  her 
Centre  ;  and  fubtraCt  the  Dip  from  the  obferved  Altitude  of  a  Star, 
and  you  will  have  its  apparent  Altitude. 

From  the  apparent  Altitude  of  the  Sun’s  Centre  fubtraCt  the  Cor¬ 
rection  to  that  Altitude,  taken  from  the  Table,  and  you  will  have  its 
true  Altitude ;  to  the  apparent  Altitude  of  the  Moon’s  Centre,  add 
the  Correction  to  that  Altitude,  and  her  horizontal  Parallax  at  the 
reduced  Time,  taken  from  the  Table,  and  you  have  the  true  Altitude; 
and  from  the  apparent  Altitude  of  a  Star,  fubtraCt  its  RefraCtion, 
taken  from  the  Table,  and  you  will  have  its  Altitude. 

To  the  natural  Co-fine  of  the  Difference  of  the  apparent  Altitude 
or  the  Moon  and  Object  from  which  her  Diftance  was  obferved, 
apply  the  natural  Co-fine  of  the  apparent  Diftance  of  their  Centres, 
by  Subtraction  or  Addition,  according  as  this  Diftance  is  lefs  or 
greater  than  90°,  and  find  the  Logarithm  of  the  Remainder  or  Sum. 

To  this  Logarithm  add  the  Logarithmic  Co-fines  of  the  true  Al¬ 
titudes  of  the  ObjeCts ;  from  this  Sum  fubtraCt  the  Sum  of  the  Co¬ 
fines  of  the  apparent  Altitudes ;  and  find  the  natural  Number  cor- 
refponding  to  the  Remainder:  The  Difference  between  this  Number 
and  the  natural  Co-fine  of  the  Difference  of  the  true  Altitudes  of  the 
ObjeCts  is  the  natural  Co-fine  of  true  Difference  required. 

In  the  Ephemeris,  among  the  Diftances  of  the  ObjeCts  on  the  Day 
of  Obfervation,  feek  for  this  computed  Diftance,  and  if  it  be  there, 
the  Time  of  Obfervation  at  Greenwich  is  at  the  Top  of  the  Columns 
above  it;  but  if  the  computed  Diftance  falls  between  two  Diftances 
in  the  Ephemeris,  as  it  generally  will,  then  fay,  as  the  Difference  be¬ 
tween  the  two  neareft  Diftances  in  the  Ephemeris,  is  to  3  H.  fo  is 
the  Difference  between  the  firft  of  thefe  Diftances  and  the  com¬ 
puted  Diftance  to  the  Time,  which,  added  to  the  Time  ftanding 
over  the  faid  firft  Diftance  in  the  Ephemeris,  give 3  ihe  true  Time 
of  the  Obfervation  of  the  ObieCts  by  the  Meridian  of  Greenwich. 

,  I  i  The 
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The  Difference  between  this  Time  and  the  Time  of  the  Obferva- 
tion  at  the  Ship,  being  turned  into  Longitude,  gives  the  Ship’s  Lon¬ 
gitude  from  Greenwich,  Eaft  or  Weft,  according  as  the  Time  at  the 
Ship  is  greater  or  lefs  than  that  at  Greenwich. 


EXAMPLE  I. 


Being  at  Sea,  May  14,  1774,  in  Longitude  20°  3c/  Weft  of 
Greenwich,  by  Account,  at  6  H.  30  P.  M.  by  a  Watch  regulated 
before  by  a  good  Observation  of  the  Sun’s  Altitude*,  I  obferved  the 
Diftance  of  the  Sun  and  Moon’s  neareft  Limbs  to  be  45 0  5$',  and  at 
the  fame  Inftant  two  Afliftants  obferved ;  the  one,  the  Altitude 
of  the  Sun’s  lower  Limb  50  8T>  the  other,  the  Height  of  the 
Moon’s  lower  Limb  420  18',  the  Height  of  the  Eye  being  18  Feet 
above  the  Sea.  Required  the  Ship’s  true  Longitude  ? 

H.M. 

Apparent  Time  at  Ship  6  30 

Ship’s  Long.  Weft  of  Greenwich  by  Acc.  20°  30'  1  22 


Reduced  Time 


7  52 


In  the  Ephemeris  for  May  the  14th,  1774, 

The  horizontal  Parallax  for  that  Time  is 
Moon’s  Semi-diameter  for  reduced  Time  is 
Corre&ion  for  Moon’s  Alt  420  18'  from  Table  I. 


54  i» 


Moon’s  true  apparent  Semi-diameter 
Sun’s  ditto 


,4° 

46' 

1 1 

*4 

57 

15 

52 

Sum  of  Sun  and  Moon’s  Semi-diameters  30  49 

Obferved  Dift.  of  Sun  and  Moon’s  neareft  Limbs  450  5  45 


Apparent  Diftance  of  Sun  and  Moon’s  Centres  45  36  34 


Sun’s  App.  Semid. 
Dip  for  18  Feet 


15  52" 
4  3 


Moon’s  app.  Semid. 
Dip  for  18 


X£t  57'' 
4  3 


Diff.  1 1  49  Diff.  jo  54 

Ob.Alt.  Sun’s  low.  Limb  50  8  30  Moon’s  ob.  Alt.  42  18  00 


Sun’s  app.  Alt. 
Cor.  from  Table  I. 


5  20  19 
9  16 


42  28  54 

Cor.  from  Table  II.  38  2 


Sun’s  true  Alt. 


5'r  3 


Moon’s  app.  Alt. 
Sun’s  App. 


42  28  54 
5  20  19 


Moon’s  true  Alt  43  6  56 

Sun’s  true  Alt.  5  11  3 


Diff.  true  Alt. 


37  55  53 


Diff.  app.  Altitudes 


37  8  35 

•  See  Page  244. 
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Nat.  Co-fi.  Diff.  ofapp.  Alt.  370  8'  35'' 
Nat.  Co-fine  app.  Dill  45  36  34 


251 


797H 

69955 


DifF.  of  Nat.  Sines 

Add  r  Co-fine  Sun’s  true  Alt.  5  1 1  3  —  9 

Sum  I  Co-fi.  Moon’s  tr.  Alt.  43  656  —  9. 

Sub.  f  Co-fi.  Sun’s  app.  Alt.  5  20  19  —  9. 

Sum  l  Co-fi. Moon’sapp  Alt.  42  28  54  —  9.86774!) 


9759  its  Log.  3  98941 
9822  ' 

86332, 


99822  l  ~  c, ' 

J  =  19-86154 


23.8509  5 
=  19-86585 


Nat.  Number  to  Remainder 

Nat.  Co-fine  DifF.  true  Alts.  37  55  53  — 


9663 

78875 


3.98510 


Nat.  Co-fine  true  Dill.  46^  12' 5"  6921a 


Now  in  Page  8th  of  the  Month  in  the  Ephemeris,  I  find  that  on 
May  14,  H.  H. 

Preceding neareft  Dift.  at  6,  45°  i8,'x//pre.near.Dift.at6,45°  i8'o" 
following  neareftDift.  at  9,  46  38  57  Computed  Dift.  46  12  5 

Difference  1  20  57  Difference  o  54  5 

Then  fay,  by  the  Rule  of  Three,  as  iJH.  20  M.  57  S,  :  3H.  ::  54  M. 
50.  :  2 H.  oM  15s.  which  being  added  to  6  Hours,  the  Time' 
ft -riding  over  the  preceding  Diftance,  gives  8  H.  oM.  15 S  the  true 
Time  of  the  Obfervation  at  Greenwich,  and  the  Time  at  Ship  was 
6H.  30  M.  the  Difference  between  thefe  Times  is  1  H.  30M.  15S. 
this  reduced  into  Longitude,  by  allowing  150  to  one  Hour,  gives 
220  34'  the  Longitude  of  the  Ship  from  Greenwich,  and  is  Weft 
becaufe  the  Time  at  the  Ship  is  lefs  than  at  Greenwich. 


EXAMPLE  II. 

Being  at  Sea,  May  18,  1774,111  Latitude  33°43'N.  and  Longitude 
45  W.  by  Account,  at  10H.  1 2  M.  P.  M.  per  Watch,  I  obferved 
the  Diftance  of  the  Moon’s  fartheft  Limb  from  the  Star  Spica  to  be 
5°°  27 i'»  and  at  the  fame  Time  three  Alfiftants  obferved,  one  the 
Altitude  of  the  Moon's  lower  Limb  240  18'  40",  another  the  A1-. 
titude  of  Spica  45^  13I ,  and  the  third,  in  order  to  find  the  apparent 
Time,  the  Altitude  of  the  bright  Star  in  the  Harp  Lyra  30*  gf'j 
thefe  Obfervations  were  made  with  Hadley’s  Quadrants  well  ad- 
jufted,  the  Height  of  the  Eye  above  the  Water  being  18  Feet.  Re¬ 
quired  the  Ship’s  true  Longitude  ? 

The  true  apparent  Time  at  the  Ship  being  computed  from  the 
bright  Star’s  Declination,  and  Altitude  with  the  Ship’s  Longitude, 
is  found  to  be  (fee  Page  245.)  10  H.  13  13 

Ship’s  Long.  Weft  of  Greenwich  by  Ace.  45  —  3  00 


Now 


Reduced  Time 
I  i  2 


J3  13  13 
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Now  as  this  Time  is  fo  near  Midnight,  the  Moon’s  horizontal 
Parallax  and  Semi-diameter  may  be  taken  for  that  Time,  as  the  Va¬ 
riation  in  fo  fhort  a  Time  after  Midnight,  would  not  affe£t  the  Cal¬ 
culation  much.  Therefore, 

May  the  18th,  theMn’sHor.  fern,  is  15'  16"  and  Hor.  par.  56'  4" 


Moon’s  true  hor.  Semi-diameter  for  reduced  Time  15'  i6v 

Corre£Hon  from  the  Table  I.  for  ob.  Alt.  24°  18  40"  7 

Moon’s  true  apparent  Semi-diameter  15  23 

Obf.  Diftance  of  Moon’s  fartheftLimb  from  Spica  50  27  45 

App.  Diftance  of  Moon’s  Centre  from  Spica  50  12  22 


Spica’s  obf.  Alt.  450  1 3'  1 5'' 
Dip  for  18  Feet  4  3 


App.  Alt.  45  9  12 

Refr.  for  that  Alt.  57 


Spica’s  true  Alt.  45  8  15 


Spica’s  app.  Alt.  45  912 
Moon’s  app.  Alt.  24  30  o 


Moon’s  true  app.  Semi-di. 
Dip  for  t8  Feet 

Diff. 

Moon's  obf.  Alt.  low.  Limb 

App. Alt.  Moon’s  Centre 
Cor.  from  Tabble  II. 

True  Alt.  Moon’s  Centre 
Spica’s  true  Alt. 


Diff.  app.  Alt-  2039  12  Diff.  true  Alts. 

Nat.  Co-fi  Diff'.  app.  Alt.  20°  39' 1 2"— 93573 
Na.  Co-fi.  Dift-  ofMoon&Star  50  12  22 — 64003 


*5  23 
4  3 


1 1 

20 

24 

18 

40 

24 

3° 

0 

48 

53 

25 

18 

53 

45 

8 

>5 

*9 

49 

22 

Diff.  nat.  Sines 

Add  I  Co-fi.  Star’s  true  Alt.  45  8  15 

Sum  1  Co-fi.  Moon’s  true  Alt.  25  18  53 


Sub.  f  Co-fi.  Star’s  app.  Alt.  45  9  12 

Sum  l  Co-fi.  Moon’s  app.  Alt.  24  30  o 


29570  its  Log.  4.47085 
9.956^}  =  i9-8°459 


9.84836  7 
9.95902  S 


24.27544 

19.80734 


Nat.  Number  of  the  Remainder  29384  4.4681c 

Nat.  Co-fi.  Diff.  true  Alt  190  49'  22"  94073 


Nat.  Co-fi.  true  Diff.  of  Moon  and  Star  64689  rr  49^41'  33" 
Now  in  Page  10  of  the  Month  in  the  Ephemeris,  I  find  that  on 
May  1 8,  _  FI. 

Theprec.  near.  Dift.  at  12  is  50°l6/ 13"  Prec.near.  Dif.  50  16  13 
The  following  near.  Dif.  48  42  9  Computed  Dif.  49  41  33 


34  40 
Then, 


Difference 


1  34  4  Difference 
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Then, as  ill.  34M.  4S. :  3H.  i  :  34M.  40S.  :  iH.  6M.  20S.  which 
added  to  12  H.  the  Time  handing  over  the  next  preceding  Diftance, 
gives  13  IT  6M.  20  S.  the  Time  of  the Obfervation  at  Greenwich; 
the  Time  at  the  Ship  was  10H.  13M.  13  S.  the  Difference  is  iH. 
53M.7S. 

Then,  as  1  H.  :  150  : :  2  H.  53M.  7  S.  :  43°  i6|',  the  Difference 
of  Longitude,  which  is  Weft,  becaufe  the  Time  at  the  Ship  is  lefs 
than  at  Greenwich. 

EXAMPLE  III. 

Suppofe  May  25,  1775,  in  Longitude  i7°3o'E.  of  Greenwich,  by 
Account,  at  6  H.  30  M.  P.  M.  per  Watch,  regulated  before  by  equal 
Altitudes  of  the  Sun,  the  Diftance  of  the  Sun  and  Moon’s  neareft 
Limbs  was  obferved  to  be  440  57'  30"  ;  at  the  fame  Time  the  Al¬ 
titude  of  the  Sun’s  lower  Limb  was  50  8^' ;  and  the  Moon’s  lower 
Limb  420  18';  the  Eye  being  18  Feet  above  the  Surface  of  the  Sea. 
Required  the  Longitude  ? 

H.M. 

Apparent  Time  of  the  Obfervation  at  the  Ship  6  30 

Ship’s  Long.  Eaft  of  Greenwich,  by  Acc.  170  30'  1  10 

\ 

Reduced  Time  5  20 

In  the  Ephemeris,  and  for  the  Month  of  May, 

In  Page  3  for  the  Month,  the  25th,  the  Sun’s  Senji-di.  is  15'  49" 

In  Page  7. 

May  25th,  at  Noon,  Moon’s  hor.  Semi-di.  15' 42"  Hor  par.  57'  37" 
May  25th,  at  Midnight  ]) ’s  hor.  Semi-di.  15  38  Hor.  par.  57  22 

Variation  in  12  Hours  04  O  15 

Then  as  12  H. :  4"  : :  5  H.  20M.  :  1",  and  becaufe  the  Semi¬ 
diameter  is  decreafing,  15'  42" —  1"  —  15'  41  "=  Moon’s  horizontal 
Semi-diameter,  at  the  reduced  Time. 

And  as  1 2  H.  :  15"  : :  5  H.  20'  :  b"  \  and  becaufe  the  Parallax  is 
decreafing,  57'  37''  —  6"  =  57'  31",  Moon’s  true  horizontal  Parallax 
at  the  reduced  Time. 


Moon’s  hor.  Semi-diameter  for  the  reduced  Time 

*5' 

41' 

Correction  from  Table  I. 

1 1 

Moon’s  true  apparent  Semi-diameter 

15 

52 

Sun’s  ditto 

15 

49 

Sum  of  the  Sun  and  Moon's  Semi-diameters 

31 

4* 

Obf.  Dift.  of  the  Sun  and  Moon’s  neareft  Limbs 

0 

57 

30 

Apparent  Diftance  of  Sun’s  and  Moon’s  Centres 

45 

29 

ii 

Sun’s 


254  O  F 

F 

I  N  D 

Sun’s  app.  Semi-di. 
Dip  for  18  Feet 

o' 

^5  49" 
4  3 

Difference 

0 

1 1  46 

Obf.  Alt.  Sun 

5 

8  30 

App.  Alt.  Sun’s  Cen.  5 
Cor.  from  Table  I. 

20  16 

9  16 

Cor.  Alt.  Sun’s  Centre  5 

11  00 

Moon’s  app.  Alt. 

42 

29  49 

Sun’s  ditto 

5 

20  16 

App.  Alt. 

37 

9  33 

ING  THE 

Moon’s  true  ap.  Semi,  o °I5'52-/ 
Dip  4  3 

Difference  o  n  49 

Obf. Alt.M’s.lo.  Lb.  42  18  00 


App.  Alt.  M’s.  Cen.  42  29  49 
Cor.  from  Table  II.  40  50 

Moon’s  true  Alt.Cen.  43  10  39 
Sun’s  ditto  5  1 1  00 

Diff.  of  true  Alt.  37  59  39 


Nat.  Co-fi.  Diff.  app.  Alt.  37°  9'  33"  —  79693 
Nat.  Co.fi.  apparent  Dill.  45  29  1 1  — 70108 


Diff  of  natural  Sines 


9585  its  Log.  3.98159 


Add  f  Log.Co-fi.S’s. trueAlt.  5  n  00 — 9.99822;  c 

Sum  (  Log. Co-fi.M’s  tr.AIt. 43  10  39 — 9.86287  J  ~~  J9’°  IC9 


-  23.84268 

Sub.  (  Log.Co-fi.S’s.  ap.  Alt.  5  20  16 — 9.998117  _  0O 

Sum  l  Log.Co-Ii.M’s.  tr.  Alt.42  29  49 — 9.86767  3  —  19-®tl5®° 

Nat.  Number  of  the  Remainder  9480  its  Log.  3.97680 

Nat.Cc-C.Dif.ofthetrue  Alt.  36  59  39  78813 

Nat  Co-fi.  true  Diftnnce  46°  6’  24"  an  69333 
Preceding  neareft  Dift.  440  59'  40"  Preceding 
Following  43  27  40  Computed  Dili. 

Difference  1  32  00  Difference 

Then  as  i°  32':  3PI.  : :  i°  6'  44"  :  2H.  rcM.  22S. which  being 
added  to  3  Hours,  the  Time  {landing  over  the  preceding  Diftance, 
gives  5  H.  10  M.  34  S.  the  true  Time  at  Greenwich;  and  the 
Time  at  the  Ship  was  6  H.  30  M.  the  Difference  between 
thefe  Times  is  iH.  19M.  26  S.  which  turned  into  Longitude,  gives 
jg°  50',  and  is  Eaft,  becaufe  the  Time  at  the  Ship  is  greater  than  at 
Greenwich. 

In  order  to  obtain  a  greater  Degree  of  Exactnefs,  it  will  be  better 
to  repeat  the  Obfervation  of  the  fame  Object,  till  at  leaft  three  Dif- 
tances,  and  their  correfponding  Altitudes  and  Times  be  obtained ; 

but 


440  59' 4.0" 
46  6  24 

1  6  44 
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but  the  more  they  are  taken  the  better,  only  they  mull  all  be  included 
within  the  Space  of  half  an  Hour ;  the  Sum  of  all  the  obferved  Dif- 
ftances  and  Altitudes  divided  feverallyby  the  Number  of  Obferva- 
tions,  gives  the  mean  Time,  Diftance,  and  Altitude ;  and  thefe 
Means  are  to  be  ufed  as  if  they  had  been  obtained  by  a  fingle  Ob- 
fervation,  and  may  be  depended  upon  with  greater  Certainty. 

For  inftance,  let  us  take'the  firft  Example  from  the  Nautical  Ephe- 
meris,  in  the  Year  1767,  done  byMr.  Mafkelyne,  Aftronomer-royal, 
and  by  comparing  the  Refults,  we  fhall  be  able  to  judge  of  the  ac¬ 
curacy  of  this  Method. 


EXAMPLE  IV. 

Suppofe  that  at  Sea,  on  April  4th,  1767,  the  Diftance  of  the  Sun 
and  Moon’s  neareft  Limbs,  with  the  refpeftive  Altitudes  of  their 
lower  Limbs  were  obferved,  as  in  the  Margin,  the  Eye  being  1 8  Feet 
above  the  Water,  and  the  Ship  in  Latitude  340  17'  N.  Longitude 
1 70  4&/  W.  of  Greenwich,  by  Account,  the  Watch  not  yet  regu¬ 
lated.  The  Ship’s  true  Longitude  at  the  Time  of  Obfervation  is 
required  ? 

As  the  Watch  was 
not  regulated,  the  firft 
Thing  to  be  done  is  to 
compute  the  apparent 
Time  of  Obfervation ; 
and  the  Sun  being  a- 
bundantly  diftant  from 
the  Meridian,  the 
Mean  of  the  three  Al¬ 
titudes  in  the  Mar¬ 
gin  may  be  fuppofed  preferable  to  any  fingle  Obfervation  for  that 
Purpofe :  Wherefore  to  the  obferved  Altitude  of  the  Sun’s  lower 
Limb,  220  3',  and  iT  58",  (the  Difference  between  his  Semi¬ 
diameter  found  in  the  Ephemeris,  16'  1",  and  the  Dip  on  18  Feet 
4'  3")>  the  Sum  22 0  14'  is  the  apparent  Altitude  ofnis  Centre, 
from  which  fubtrafting  2'  n",  the  (Corre&ion  to  that  Altitude, 
taken  from  Table  I.)  there  remains  22°  12'  47"  from  the  Sun’s  true 
Altitude.  The  Time  by  Watch  is  4  H.  50  M.  57  S.  to  which  add 
1  H  1 1  M.  4S.  the  Longitude  by  Account  Weft  of  Greenwich  in 
Time,  and  you  have  6H.  2  M.  1  S.  for  the  Time  of  Greenwich 
eftimated  nearly  ;  and  to  this  Time  the  Declination  is  found  to  be 
50  48'  N.  From  the  Altitude,  Declination,  and  Latitude,  now  all 
known,  the  Time  of  the  Mean  of  the  Obfervation  is  found  to  be 
4  H.  28  M.  19  S. 


Times. 

JDiflances. 
Sun  &Moon. 

Sun’s 

Alt. 

Moon’s 
Alt.  ' 

H.  M.  S. 

0  r  r 

O  / 

/ 

4  47  14 
4  50  I! 
4  5;  2fc 

73  4i  53 
73  43  55 
73  47  33 

22  50 
22  1 2 
21  6 

80  17 

80  36 

81  9 

Sum 

*4  33  5 1 

221  13  21 

66  8 

242  2 

Means 

4  5°  57 

73  44  27 

22  3 

80  41 

'Time 
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Time  at  Ship  4  28  00  Hor.  Par.  at  Noon  56  24 
Long,  per  Acc.  1  1 1  04  Hor.  Par.  at  Midnight  56  1 


Ap.Timc  atGreen.5  39  04  23  4  =  n"Dif. 

Horiz.  Semi-di.  15  19,  hor.  Par.  at  redu.  Time  56  12 


•  Horizontal  Semi-diameter  15  19 

16 


Moon’s  Semi-diameter 

15 

35 

Sun’s  Semi-diameter 

16 

01 

Sum 

31 

36 

Diftance 

73  44 

27 

App.  Dift.  Cen. 

74°  1 6' 

3' 

ObF.  Alt.  Moon’s 
DilF.  Sem.  and  Dip 

8os>4i/oo" 
11  32 

App.  Alt.  Cen. 
Correction 

80  52  32 

8  46 

True  Alt.  Centre 

80  1  18 

Moon’s  app.  Alt. 
Sun’s  app.  Alt. 

80  52  32 
22  14  58 

Difference 

58  37  34 

Nat.  Co-fi.  Diff.  app.  Alt.  58°  3 
Nat.  Co-fi.  app.  Diftance  74  1 


Obf.  Alt.  Sun  22°  3'  o'' 

DifF.  Semi-di.  and  Dip  11  58 


App.  Alt.  Centre  22 

>4 

58 

Correction 

2 

1 1 

True  Alt.  Sun’s  Cen.  22 

12 

47 

Tr.Alt.  Moon’s  Cen.  81 

1 

18 

Difference  58 

48 

31 

'  34v—  52063 
3  —  27114 


Sum  £  Co-fi.  M’s.  true  Alt.  8 1 
Add  l  Co-fi.  Sun’s  true  Alt.  22 


01 

12 


24949  its  Log. 
18— 9.19333? 

47— 9.96651  S 


4-39707 

19.15984 


Sum  f  Co-fi.  M’s.  app.  Alt.  80  52  32  —  9.20027)  _ 

Sub.  {  Co-fi.  S’s.  app.  Alt.  22  14  58  —  9.96640  )  ~ 

Nat.  Number  to  the  Remainder  24560  its  Log. 

Sub.nat.Co-fi.DifF.true  Alt.  58  48  31  -—51790 


23-55691 
1 9.16667 
4.39024 


Nat.  Co-fi.  true  Diftance  74  1 1  56  27230 

Preceding  neareft  Dift.  7  30  l'  27"  Prec.  neareft  Dift.  73°  i'  27" 

Next  neareft  Dift.  74  28  50  Computed  Dift.  74  1 1  56 


1  27  23 


1  10  29 

•  Then 
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Then  fay,  as  i  H.  27  M.  23S.  :  3H.  : :  iH.  10M.  29S.  :  2rL 
25M.  ( 1  S.  which  added  to  3  Hours,  gives  5  H.  25  M.  1 1  S.  the 
Time  at  the  Ship  was  4H.  28  M.  19S.  therefore  the  Difference  is 
56''  52'';  now  as  6o'~:  150  : :  $6'  41"  :  52^  13'  the  Longitude  re¬ 
quired,  and  is  Weft,  becaufe  the  Time  at  the  Ship  is  lefs  than  at 
Greenwich,  differing  from  the  Longitude  found  by  the  Aftronomer- 
royal  \  of  a  Mile. 

The  Diftance  of  the  Moon  from  the  Sun,  or  from  a  Star,  well 
obfervedwith  a  good  Inftrument,  together  with  theTimeof  the  Ob- 
fervation,  and  the  Altitudes  of  the  two  Objects,  is  fufKcient  to  de¬ 
termine  the  Longitude,  with  the  help  of  the  Ephemeris  arid  the  pre¬ 
ceding  Method  of  Calculation,  always  within  a  Degree,  and  gene¬ 
rally  nearer ;  but  it  will  conduce  to  ftill  greater  Accuracy,  if  the 
Obferver  takes  the  Moon’s  Diftance  from  two  Stars,  or  from  the 
Sun  and  a  Star,  or  when  the  Moon  is  between  900  and  I20v  frortl 
the  Sun,  and  two  Stars,  if  he  can  be  fo  lucky  as  to  obtain  the  feveral 
Obfervations  ;  obferving  the  Moon’s  Diftance  from  each  ObjeCt,  two, 
three,  or  more  Times. 

For  the  Longitude  being  computed  from  the  Set  of  Obfervations 
made  with  each  ObjeCl  refpedtively,  the  Mean  of  the  Refults  will 
probably  approach  nearer  to  the  Truth  than  any  one  Refult  feparately. 
Particularly  the  Moon’s  Diftance  fhould  be  taken  from  an  Objeft  bn 
each  Side  of  her  as  often  as  there  is  Opportunity  5  and  the  Mean  of 
the  Refults  from  hence  will  probably  be  as  exaft  again,  as  either  by 
itfelf,  efpecially  fo  far  as  depends  upon  any  Imperfection  of  the  In- 
ftruments,  and  unavoidable  fmall  Errors  in  the  ufe  of  them  ;  for 
Errors  of  thefe  Kinds  have  a  natural  Tendency  to  correCt  each  other: 
And  in  this  Cafe  there  will  be  good  Reafon  to  believe  that  the  true 
Longitude  is  fomewhere  between  the  two  Refults,  or  between  the  ex¬ 
treme  Refults,  if  there  are  more  than  two  Sets  of  Obfervations^ 

Suppofe  that  at  Sea,  ~  Diiiances  Moon’s  Star’s 

in  Latitude  I7°48'S.  imes.  ,vioon&star.  Alt.  Alt. 

Longitude  64°  32'  E.  H.  M.  S.  ®  r  ~~  '  ^  / 

of  Greenwich,  which  14  50  30  44  £3  48  15  22  3;  22 

by  Account,  on  Sep-  14  55  35  44  50  49  14  n  34  15 

temper  5,  1767,  the  15  o  c  44  48  14  13  8  33  17 

Diftance  of  the  Moon’s  •  5  5  5°  44  44  ^  11  46  32  1 

fartheft  Limb  from  i5  11  *5  44  41  37  10  3°  3°  5C 

the  Star Pegafi  Markab,  ~~  ~  "  ~ 

with  the  Altitude  of  Sum  75  3  *°^3  59  64  57  .63  4$ 

the  Star,  and  of  the  0 

Moon's  lower  Limb  McM’ »-.?  J8-  4*  47.5  J.__  <J_  59  33  9_ 
were  obferved,  as  in  the  Margin,  the  Eye  being  12  Feet  above  the 
Water,  and  the  Watch  not  regulated.  Required  the  Ship’s  true 
Longitude  at  the  Time  of  Obfervation  ? 

Kk 


Times. 

Diiiances 

Moon&Star. 

Moon’s 

Alt. 

Star’s 

Alt. 

H. 

M. 

S. 

0 

/ 

// 

Q 

/ 

u 

/ 

14 

5° 

3° 

44 

53 

48 

1 5 

2  2 

35 

22 

•4 

55 

35 

44 

5° 

49 

*4 

1 1 

34 

>5 

'5 

0 

0 

44 

48 

14 

13 

8 

33 

1/ 

«5 

5 

5° 

44 

44 

48 

1 1 

46 

32 

i 

J5 

1 1 

15 

44 

41 

37 

10 

30 

30 

5< 

Sum 

75 

3 

10 

223 

59 

16 

64 

57 

164 

45 

Means 

*5 

0 

33 

44  47 

5'i 

I  2 

59 

33 

9 

The 
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The  Star  being  at  a  fufiicient  Diftance  from  the  Meridian;  its 
mean  Altitude  with  the  mean  Time  in  the  Margin  will  ferve  for  re¬ 
gulating  the  Watch,  or  finding  the  true  apparentTimc  without  a  fc- 
parate  Obfervation  for  that  Purpofe. 

Wherefore  from  the  Star’s  mean  Altitude  obferved  33°  9',  fub- 
tr a«£t  the  Dip  for  12  Feet  =  3'  18",  and  you  have  the  Starts  apparent 
Altitude  33°  5'  4.2",  from  which,  fubtrading  the  Refradion  i'  28'’, 
there  remains  330  4'  14’',  the  Star’s  true  Altitude.  The  Star’s  De¬ 
clination  taken  from  the  Tabic,  and  fitted  to  the  Beginning  of  Sep¬ 
tember,  1767,  is  1 50  57'  34"  N.  and  from  the  Altitude,  Declination, 
now  all  known,  the  Polar  Angle  or  Star’s  Diftance  from  the  Me¬ 
ridian  is  found  to  be  470  544' z^H.  1 1  M.  38S.  The  Star’s  right 
Afcenfion  taken  from  the  Table,  and  fitted  to  the  Beginning  of  Sep¬ 
tember,  1767,  is  22  PI.  53  M.  13S.  to  which  adding  the  Polar  Angle 
3  H.  n  M.  38  S.  becaufe  the  Star  is  Weft  of  the  Meridian,  you  have 
26  H.  4M.  51S.  the  right  Afcenfion  of  the  Mid-heaven!  From 
this  Sum  fubtrad  the  Sun’s  right  Afcenfion  for  the  preceding  Noon 
found  in  the  Ephemeris,  viz  10H.  55  M.  51S.  and  there  remains 
15  H.  9M.  the  apparent  Time  of  Obfervation  at  the  Ship  nearly, 
from  which  fubtrading  4H.  18M.  8S.  the  Longitude  Eaft  of 
Greenwich  by  Account  turned  into  Time,  you  have  10H.  50  M. 
52 S.  the  apparent  Time  of  Obfervation  bv  the  Meridian  of  Green¬ 
wich  nearly.  Then,  as  24H.  :  10H.  50  M.  52  S. : :  3M.  37  S.  the 
daily  Variation  of  the  Sun’s  right  Afcenfion  at  the  given  Time,  1  M. 
38  S.  which  fubtraded  from  15H.  9M.  leaves  15  H.  7  M.  22 S.  the 
corred  Time  of  Obfervation  at  the  Ship. 

io  10  PI.  30  M.  52  S.  the  apparent  Time  of  Obfervation  at 
Greenwich  nearly,  the  Moon’s  horizontal  Semi-diameter  is  found 
from  the  Ephemeris  to  be  16'  29",  and  her  horizontal  Pa -alias  60' 
32",  add  4  to  the  Semi-diameter  on  account  of  the  Altitude  120  59', 
and  you  ha\e  16  33  >  the  Moons  true  apparent  Semi-diameter, 
which,  fubtraded  from  440  47' 51",  the  Mean  of  the  obferved  Dif- 
tances  of  the  Moon’s  fartheftLimb  from  the  Star,  leaves  43*  3 1'  1 8", 
the  apparent  Diftance  of  the  Moon’s  Centre  from  a  Star.  To  the 
Mean  of  the  obferved  Altitudes  of  the  Moon’s  lower  Limb  120  59' 
add  1 3  1 5'  ,  the  Difference  between  her  true  apparent  Semi-diameter 
1 6'  33",  and  the  Dip  3'  18  ',  and  you  have  130  12'  15",  the  ap¬ 
parent  Altitude  of  her  Centre  ;  to  which  adding  54' 57",  the  Correc¬ 
tion  to  that  Altitude  taken  from  the  Table,  you  have  14°  7'  1 2",  the 
true  Altitude  of  her  Centre. 

The  apparent  Diftance  of  the  Objeds,  with  the  apparent  and  alfo 
the  true  Altitude  of  each  of  them  are  now  known,  from  whence 
computing  as  before,  their  true  Diftance  is  found  to  be  40°  o'  24". 

In  the  Ephemeris,  the  next  preceding  Diftance  is  45°6'  40",  at 
9  PEours,  the  next  following  Diftance  at  1 2  Hours  430  24'  24",  their 
Difference  i°  42'  16",  and  the  Difference  of  the  next  preceding 
6'  40",  and  the  computed  Diftance  440  c'  24''  is  i°  fc'  16". 

Then, 
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Then,  as  1  H.  42'  16":  3H.  ::  i°  6'  16":  1  H.  56  M.  38  S- 
which  added  to  9  Hours,  gives  10H.  56  M.  38  S.  the  Time  of  the 
Mean  of  the  Obfervation  at  Greenwich,  and  the  Time  at  the  Ship 
was  15  H.  7M.  22  S.  The  Difference  4H.  10M.  44  S.  =  62°4T, 
Is  the  Ship’s  Longitude  from  Greenwich  Eaft:,  becaufe  the  Time 
it  Ship  is  greater  than  at  Greenwich,  differing  from  the  Longitude 
Found  by  the  Aftronomer-royal  f  a  Mile. 

I  cannot  quit  this  Subjeft  without  obferving  another  Method  of 
ietermining  the  Longitude  at  Sea ;  and  though  not  equal  to  the 
former,  yet  it  may  fometimes  be  pra&ifed  with  Succefs. 

Let  the  Watch  be  carefully  regulated  as  before  directed,  either  by 
he  Sun  or  a  Star.  By  taking  equal  Altitudes  of  the  Moon,  find  the 
lime  of  her  Paffage  over  the  Meridian  ;  take  the  Difference  between 
his  Time  and  the  next  neared  Time  of  her  Paffage  over  the  Meri- 
:lian,  found  in  the  Ephemeris,  and  alfo  the  Difference  between  her 
Paffage  over  the  Meridian  the  preceding  and  following  Days;  then 
Fay,  as  24H.  :  is  to  this  Difference,  : :  fo  is  the  Difference  of  Time  bc- 
:ween  her  Paffage  over  the  Meridian  in  the  Ephemeris,  and  that  by 
Obfervation, :  to  a  fourth  Number;  which  being  applied  to  the  Time 
ff  Obfervation  at  the  Ship,  by  Addition  or  Subtraction,  according  ae 
:he  Time  at  the  Ship  is  more  or  lefs  than  that  fet  down  in  the  Ephe¬ 
meris,  gives  the  true  Difference  of  Time  between  her  Paffage  over 
:he  Meridian  at  the  Ship  and  Greenwich,  which  reduced  into  Lon¬ 
gitude,  gives  the  Longitude  Eaft  or  Weft  of  Greenwich. 

Suppofe,  by  taking  the  Mean  of  three  Altitudes  on  the  2d  of  De¬ 
cember,  1775,  the  Moon  was  found  to  pafs  over  the  Meridian  at  9H. 
1 5  M.  P.  M.  the  Watch  oeing  well  regulated.  Required  the  Longi¬ 
tude  ?  6 

In  the  Ephemeris,  and  for  H.  M.  H.  M.  S. 

Nov.  2,  the  Moon  pafies  the  Mer,  at  8  36P.M.  Moon’s  Paffage  8  ’  36*  o 
^ov'  3>  at  9  26  Obf.Ti.at  Ship  9  13  o 

Difference  in  24  Hours  050  Dif.  between  Ship  &Gre.  39 

Then  as  24  H. ;  50  M. : :  39  M. :  1  M.  2 1  S.  the  Diff.  in  39  Min.  add  1  21 

True  Difference  of  Time  between  Ship  and  Greenwich  o  40  21 


Then  60  M. :  t5°  : :  40 M.  2r  S.  :  io°  3'  the  Longitude,  and  is 
Weft  becaufe  the  Time  of  her  Paffage  over  the  Meridian  at  Ship,  is 
after  that  at  Greenwich.  Had  the  Time  been  before  Greenwich 
Time,  1  M.  21  S.  mult  have  been  fubtradted,  and  the  Longitude 
would  have  been  Eaft.  ' 
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TABLE  I, 


A  Table  of  Corrosions  for  reducing 
the  Moon’s  Semi-diameter  to  the 
true  Semi -diameter  ;  ar.daifo  a  Table 
lor  reducing  the  Sun’s  Altitude  to 
the  true  Altitude  from  the  Earth’s 
Centre. 
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The  CorreSions  of  the  Moon’s  Semi-diameter  arc 
the  natural  Sines  of  her  Altitude,  the  Radius  being 
1 6,  which  is  nearly  the  Mcon’s  mean  Semi-diameter, 
and  are  to  be  added,  becaufe  in  amending  from  the 
Horizon  to  the  Zenith,  (he  approaches  nearer  to  the 
Obfervcr  by  a  Semi  diameter  of  the  Earth,  or  about 
one  fixtieth  Part  of  l.er  Diftance  from  the  Earth. 

The  Corrections  of  the  Sun’s  Altitude  are  th'  Dif¬ 
ference  between  the  Refraction  at  each  Degree  of  Al¬ 
titude  and  his  Parallax  at  that  Altitude,  and  is  to  be 
lubtradbed  from  the  apparent  Altitude. 

The  Concdbions  are  only  let  down  for  Decrees,  but 
may  be  found  for  any  intermediate  Minutes,  by  taking 
proportional  Part?,  or  Dying  as  60  is  to  the  Difference 
between  the  next  greater  and  next  lefs  Corredbion,  fo 
is  the  Minutes  given  to  a  fourth  Number,  which  be¬ 
ing  fubtradbed  from  the  Corredbion  of  the  next  luf. 
Altitude,  gives  the  Corredbion  required. 

Thus  the  Corredbions  of  Sun’s  Altitude  for  50  20' 
is  required  ? 


For  Altitude  50  the  Corredbion  is 
6  the  Corredbion  is 

The  Differences 


9  45 
8  19 

i  26 


Then,  as  607 :  1'  26"  :  :  20'  :  29'',  which  fubtradbed 
from  9'  45",  leaves  9’  10'',  the  Cctrcdbion  for  50  20' 
Altitude ;  or  if  the  Third  cf  the  Difference  be  taken 
and  fubtradbed  as  above,  it  will  be  the  fame. 

The  Parallax  is  the  Difference  between  the  Places 
in  which  the  Sun  or  Moon  appear,  when  feen  from 
any  Part  of  the  Earth’s  Surface  ;  and  the  Places  in 
which  they  would  appear,  if  feen  at  the  fame  Time 
from  the  Earth's  Centre  ;  or  the  Parallax  of  the  Sun 
or  Moon  is  the  Angle  under  which  the  Earth's  Semi¬ 
diameter  would  appear,  if  feen  frem  the  Sun  or  Moon. 
New  as  the  Sun  or  Moon  are  elevated  above  their  true 
Height  by  Refradbion  of  the  Atmofphere,  fo  they  are 
depreffed  bv  their  Parallax  ;  and  as  they  mufb  appear 
higher  when  viewed  from  the  Earth's  Centre,  than 
they  would  appear  when  viewed  irom  the  Surface 
thereof:  To  lave  the  Mariner  Trouble,  the  Difference 
is  fet  down  in  thefe  Tables,  which  applied  to  the  ob- 
lerved  Altitude  of  their  Centres,  gives  the  true  Alti¬ 
tudes,  as  feen  fiom  tbe  Earth’s  Centre. 
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1 The  Ufe  of  the  following  Table. 

TH  E  Corrections  of  the  Moon’s  Altitude  are  fet  down  only  to 
each  Degree  of  Altitude,  and  Minute  of  horizontal  Parallax; 
but  they  may  eafily  be  found  to  intermediate  Minutes  of  Altitude* 
and  Seconds  of  horizontal  Parallax,  as  follows: 

ill.  When  the  horizontal  Parallax  is  given  in  Minutes  without 
Seconds,  and  the  Altitude  in  Degrees  and  Minutes  ;  for  Example, 
The  Moon’s  apparent  Altitude  was  240  31',  when  her  horizontal 
Parallax  was  59'.  Required  the  Correction  of  her  Altitude  ? 

Find  the  Correction  of  Altitude  for  horizontal  Parallax  59',  and. 

Altitude  |  ^  which  will  be  j  ^  ^7  j  and  fubtracting  the 

lefler  from  the  greater,  the  Difference  is  o'  20" ;  then  fay,  as 
66:3>':o:o'  20'  :  o'  to'',  which  fubtracted from  51' 47",  becaufe 
the  Correction  for  the  greater  Altitude  is  leaft,  gives  51'  37",  the 
Correction  required. 

But  had  the  Correction  for  the  greater  Altitude  been  greateft,  as 
is  the  Cafe  at  low  Altitudes,  then  the  Difference  o'  10",  muff  have 
been  added. 

2dly.  When  the  Altitude  is  given  in  Degrees,  and  the  horizontal 
Parallax  in  Minutes  and  Seconds,  for  Example,  the  Moon’s  apparent; 
Altitude  ^-vas  240,  when  her  horizontal  Parallax  was  59'  21".  Re¬ 
quired  the  Correction  of  her  Altitude  ? 

Find  the  Correction  of  Altitude  for  Altitude  340  and  horizon¬ 
tal  Parallax  j  ^  *  which  will  be  j  ^  j  and  fubtracting  the 

lefferfrom  the  greater,  the  Difference  is  o' 55"  ;  then  fay,  as  60" : 
21"  ::  55"  :  19',  which  added  to  51' 47",  gives  52'  06",  the  Cor¬ 
rection  required. 

3dly.  When  the  Altitude  is  given  in  Degrees  and  Minutes,  and 
the  horizontal  Parallax  in  Minutes  and  Seconds,  for  Example,  the 
Moon’s  apparent  Altitude  was  240  31',  when  her  horizontal  Parallax 
was  59'  21".  Required  the  Correction  of  her  Altitude  ? 

By  laft  Cafe,  the  Correction  of  Altitude  for  horizontal  Parallax 

59'  21",  and  Altitude  j  ^  j  is  found  to  be  j  and  fub¬ 

tracting  the  leffer  from  the  greater,  the  Difference  is  o'  20" ;  then 
fay,  as  60'' :  31 '  : :  o’  20''  :  o'  10'',  which  fubtracted  from  52'  06", 
becaufe  the  Correction  to  the  greateft  Altitude  is  leaft,  gives 
51' 56",  the  Correction  required. 


TABLE 

f 


C  262  ) 

TABLE  II. 

A  Table  of  the  Difference  between  the  Moon’s  Parallax  and  Refrac¬ 
tion  at  each  Degree  of  Altitude  and  Minutes  of  Horizontal  Parallax. 
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A  Table  of  the  Difference  between  the  Moon’s  Parallax  and  Refrac¬ 
tion  at  each  Degree  of  Altiude  and  Minutes  of  Horizontal  Parallax. 

CORRECTION  of  the  MOON’s  ALTITUDE.' 

~  H  OR  I  Z  O  N  T  A  L  PARALLAX.  - 


53  54  55  56  57  5 8  59  60  61  62 


al 

Corr. 

Corr. 

Corr. 

Corr. 

Corr. 

Corr. 

Corr. 

Corr. 

Corr. 

r 

t 

/ 

/ 

/ 

/ 

/ 

/ 

f 

/ 

/ 

/ 

/ 

/ 

/ 

/ 
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/ 

/  / 

45 

36 

3 

37 

14 

37 

st 

38 

35 

39 

2] 

40 

i 

14° 

4< 

41 

20 

42 

1 

42 

53 

45 

35 

54 

36 

3* 

37 

17 

37 

5C 

38 

4« 

39 

22 

40 

l 

140 

4< 

4i 

2/ 

42 

9 

46 

4/ 

35 

16 

35 

57 

36 

38 

37 

JC 

37 

5$ 

38 

4C 

39 

2 

40 

40 

4' 

41 

24 

47 

4' 

34 

37 

35 

17 

35 

57 

36 

3; 

37 

j; 

37 

5‘ 

38 

3‘ 

39 

zi 

9 

58 

40 

38 

48 

49 

33 

5' 

34 

37 

35 

rC 

35 

5. 

36 

35 

37 

H 

37 

5‘ 

38 

33 

39 

I 

39 

52 

49 

5C 

33 

it 

33 

55 

34 

34 

35 

12 

35 

5’ 

3fa 

2  C 

37 

t 

37 

46 

38 

25 

39 

3 

5° 

5' 

32 

35 

33 

*3 

33 

52 

34 

4<j 

35 

C 

35 

44 

36 

24 

37 

c 

37 

57 

38 

15 

51 

5? 

3i 

54 

32 

31 

33 

8 

33 

45 

34 

22 

34 

5° 

35 

35 

36 

12 

36 

49 

37 

26 

52 

53 

3i 

1 

3i 

47 

3  2 

23 

32 

59 

33- 

36 

34 

12 

34 

4^ 

35 

24 

36 

O 

26 

36 

53 

54 

29 

2 

3i 

3 

3i 

39 

32 

32 

49 

33 

24 

34 

c 

34 

35 

35 

IC 

35 

46 

54 

55 

29 

44 

30 

r9 

3° 

53 

3> 

28 

32 

2 

32 

36 

33 

11 

33 

45 

34 

30 

34 

54 

55 

56 

29 

0 

29 

34 

3°- 

7 

3° 

4i 

3 1 

14 

3i 

40 

32 

22 

32 

55 

33 

29 

34 

2 

56 

57 

2o 

15 

28 

46 

29 

20 

29 

53 

3° 

26 

30 

58 

3i 

3* 

32 

4 

32 

36 

33 

9 

5X 

27 

3° 

23 

2 

28 

34 

29 

6 

29 

37 

3° 

9 

30 

41 

1 3 1 

it 

3 1 

44 

32 

l6 

58 

59 

26 

44 

27 

15 

27 

46 

28 

27 

28 

47 

29 

l6 

29 

49 

3° 

20 

3° 

51 

3* 

22 

CQ 

60 

25 

57 

26 

27 

26 

57 

27 

27 

27 

57 

28 

27 

28 

57 

29 

27 

29 

57 

30 

28 

60 

6l 

25 

IO 

25 

39 

26 

8 

26 

37 

27 

6 

27 

35 

28 

4 

28 

34 

29 

3 

29 

30 

61 

02 

24 

23 

24 

3 1 

25 

19 

25 

47 

26 

l6 

26 

44 

27 

12 

27 

40 

28 

8 

28 

36 

62 

63 

23 

35 

24 

2 

24 

29 

24 

56 

25 

23 

25 

51 

26 

18 

26 

45 

27 

13 

27 

40 

63 

64 

22 

46 

23 

12 

23 

39 

24 

5 

24 

31 

24 

58 

25 

24 

25 

5° 

26 

26 

42 

64 

65 

2  I 

5s 

22 

23 

22 

49 

23 

>4 

23 

39 

24 

5 

z4 

30 

24 

55 

2  5 

21 

25 

46 

65 

66 

2  I 

9 

21 

33 

21 

37 

22 

22 

2  2 

46 

23 

10 

23 

35 

23 

59 

24 

24 

24 

48 

66 

07 

20 

15 

20 

42 

21 

5 

21 

29 

21 

52 

22 

16 

22 

39 

23 

3 

23 

26 

23 

5° 

67 

'9 

25 

'9 

5' 

20 

13 

20 

36 

20 

21 

21 

21 

43 

22 

6 

22 

28 

22 

51 

68 

69 

l8 

38 

l8 

59 

'9 

21 

*9 

42 

20 

4 

20 

25 

20 

47 

21 

8 

21 

3 :° 

21 

51 

6q 

70 

*7 

47 

l8 

7 

l8 

28 

1 8 

48 

19 

9 

J9 

29 

‘9 

5C 

20 

II 

20 

32 

20 

52 

70 

71 

72 

16 

16 

3° 

5 

17 

l6 

l6 

23 

17 

l6 

35 

42 

17 

1 7 

55 

c 

18 

'7 

14 

19 

18 

*7 

34 

37 

IO 

17 

55 

56 

'9 

18 

*3 

14 

1 

j 

53 

33 

'9 

18 

52 

52 

71 

?3 

■5 

J3 

15 

30 

'5 

48 

16 

5 

l6 

23 

16 

40 

16 

58 

*7 

l6 

17 

33< 

17 

51 

77 

74 

'4 

2  I 

14 

37 

14 

54 

‘5 

10 

*5 

27 

25 

43 

16 

O 

l6 

i*6 

16 

33 

16 

4 Q 

75 

■3 

28 

13 

44 

'3 

5° 

'4 

15 

'4 

3C 

14 

46 

'S 

I 

J5 

*7 

'5 

32 

>5 

48 

75 

76 

77 

12 

1 1 

35 

42 

12 

II 

5°| 

5* 

*3 

\2 

4 

9 

12 

*9 

23 

*3 

12 

33 

36 

'3 

12 

48 

5° 

14 

13 

2 

3 

H 

*3 

*7 

17 

*4 

J3 

31 

30 

r4 

1 3 

40 

44- 

76 

77 

7* 

49 

II 

2 

I  I 

14 

1 1 

27 

1 1 

29 

1 1 

52 

12 

4 

12 

16 

12 

29 

12 

41 

78 

79 
<?  ~ 

9 

5" 

ro 

7 

IO 

>9 

10 

30 

ro 

42 

ro 

53 

II 

4 

II 

16 

II 

27 

II 

39 

79 

9 

9 

9 

23 

9 

32 

9 

44 

9 

54 

IO 

5 

IO 

J5 

IO 

26 

IO 

36 

80 

s. 

<?., 

8 

S 

8 

18 

8 

27 

8 

37 

8 

46 

8 

55 

9 

5 

9 

u 

9 

34 

9 

33 

81 

83 

7 

6 

*5 

21 

7 

6 

23 

28 

7 

6 

3  * 

35 

7 

6 

40 

42 

7 

6 

48 

50 

7 

6 

5° 

57 

8 

7 

5 

4 

8 

7 

12 

8 

7 

21 

*9 

8 

7 

30 

26 

82 

83 

°4 

5 

5 

3  • 

S 

39 

5 

45 

5 

51 

5 

58 

6 

4 

6 

IC 

6 

17 

6 

27 

84 

85 

4 

32 

4 

37 

4 

42 

4 

48 

4 

52 

4 

5; 

5 

4 

5 

9 

5 

*4 

5 

19 

85 

86 

3 

38 

3 

42 

•y 

.> 

46 

3 

5° 

3 

55 

3 

59 

4 

3 

4 

7 

4 

I  / 

4 

15 

86 

88 

43 

2 

47 

2 

5° 

2 

53 

2 

Sb 

2 

59 

3 

2 

3 

r 

3 

9 

3 

12 

87 

49 

5’ 

I 

53 

I 

55 

I 

57 

I 

59 

2 

2 

2 

4 

2 

6 

2 

8 

88 

*9 

90 
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0 

55 

0 

0 

0 

c 

O 

O 

57 
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O 

58 
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O 

55 

0 

I 

O 

O 

O 

I 

O 

I 

C 

I 

O 

2 

C 
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0 

3 

0 

z 

0 

4 

c 

89 
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TABLE  III. 

For  reducing  the  Degrees ,  Minutes ,  and  Seconds  of  Longitude,  or  right 
Afcenfion,  into  Hours}  Minutes ,  and  Seconds  of  Time,  and  the  contrary. 


Deg. 

H. 

M. 

Deg. 

H. 

M. 

Degrees. 

Hours. 

Min. 

M. 

S. 

Min. 

M. 

S. 

Sec. 

S. 

T. 

Sec. 

S. 

T. 

1 

0 

4 

3i 

2 

4 

70 

4 

40 

2 

0 

8 

32 

2 

8 

8o 

5 

20 

3 

0 

12 

33 

2 

1 2 

90 

6 

0 

4 

0 

16 

34 

2 

16 

100 

6 

40 

5 

0 

20 

35 

2 

20 

1 10 

7 

20 

6 

0 

24 

36 

2 

24 

1 20 

8 

0 

7 

0 

28 

37 

2 

28 

130 

8 

40 

8 

0 

32 

33 

2 

32 

140 

9 

20 

9 

0 

36 

39 

2 

36 

15° 

10 

0 

10 

0 

40 

40 

z 

40 

160 

10 

40 

1 1 

0 

44 

41 

2 

44 

170 

20 

12 

0 

48 

42 

2 

48 

180 

12 

0 

13 

0 

52 

43 

2 

52 

190 

12 

40 

14 

0 

56 

44 

2 

56 

200 

13 

20 

15 

1 

0 

45 

3 

0 

210 

14 

0 

16 

1 

4 

46 

3 

4- 

220 

H 

40 

1 7 

1 

8 

47 

3 

8 

230 

'5 

20 

18 

1 

12 

48 

3 

12 

240 

16 

0 

19 

z 

16 

49 

3 

16 

250 

16 

40 

20 

1 

20 

5° 

3 

20 

260 

17 

20 

2 1 

z 

24 

51 

3 

24 

2  70 

18 

0 

22 

1 

28 

52 

3 

28 

2S0 

iS 

40 

23 

1 

32 

53 

3 

S2 

290 

19 

20 

24 

1 

36 

54 

3 

36 

300 

20 

0 

25 

1 

40 

55 

3 

40 

310 

20 

40 

26 

1 

44 

56 

3 

44 

320 

2 1 

20 

27 

1 

48 

57 

3 

48 

33° 

22 

0 

28 

1 

52 

53 

3 

5f 

340 

22 

40 

29 

1 

56 

59 

3 

56 

35° 

23 

20 

30 

2 

0 

60 

4 

O 

360 

24 

0 

The  Ufe  of  this  Table  is  eafy  by  the  Example  following  :  Let  it  he  required  to  fial 
what  Time  is  required  for  the  Motion  of  1085  4/  45 /  *  under  the  Meridian  ? 

Then  againft  ico°  is  6  H.  40'  o" 

go  —  o  32  o 

4/  —  o  o  16 

45"  —  o  °3 

7  J* 


The  Anfwer  is 
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o  HOURS. 


M. 

5. 

1  fciapt. 

Middle 

Rifing. 

iVl. 

S. 

i  Blapl. 

Middle 

Rifing. 

Time. 

Time. 

Time. 

Time. 

O 

3° 

2,  66121 

2,  63982 

9,37654?  « 

30 

3° 

0,87717 

4,  42386 

2,9465b 

I 

OO 

2, 36018 

2,94085 

97860 s  ° 

31 

OO 

87015 

43088 

96067 

I 

30 

2, 18409 

3,11694 

0,  33078 

31 

30 

86324 

43779 

97454 

2 

00 

2, 0^916 

2418' 

58066 

32 

00 

85644 

44459 

98820 

2 

30 

1,96225 

33878 

77448 

32 

3° 

84976 

45127 

3, 00164 

3 

00 

88307 

41796 

932S4 

33 

00 

8431; 

45786 

01488 

3 

30 

81613 

48440 

1, 06673 

33 

30 

83669 

46434 

62792 

4 

00 

75814 

54289 

18271 

34 

00 

83030 

47073 

O4O77 

4 

3° 

7O7OO 

59403 

28502 

34 

30 

82400 

47703 

05342 

5 

CO 

66125 

639-8 

37653 

35 

00 

81780 

48323 

06590 

5 

30 

1, 6198b 

3,6X117 

*•  45931 

35 

30 

p,  8 1 169 

4,48934 

3,07819 

6 

00 

5X208 

71895 

53488 

56 

00 

80567 

49536 

O9O32 

6 

3° 

54733 

75370 

60440 

36 

30 

79973 

5OI3O 

10227 

7 

CO 

5!5'5 

78588 

66877 

37 

00 

79387 

50716 

11406 

7 

30 

48520 

81583 

72869 

37 

30 

78809 

51294 

12570 

8 

00 

457l8 

84385 

7S474 

3° 

CO 

78239 

51864 

13718 

8 

3° 

43086 

87017 

83739 

38 

30 

77677 

52426 

14850 

9 

00 

40605 

89498 

88703 

39 

OC 

77122 

5298i 

15969 

9 

3C 

38258 

91845 

93399 

39 

30 

76574 

53529 

I7O72 

IO 

OO 

36032 

94071 

97854 

40 

00 

76033 

5407c 

18162 

10 

30 

b  33915 

3,  9618X 

2,  O209I 

40 

3C 

o,75499 

4,  54604 

3,  19238 

1 1 

CO 

3i8q6 

98207 

06131 

4i 

00 

74972 

55i3i 

20301 

II 

3° 

20067 

4, 00136 

09991 

4i 

30 

74451 

55652 

21351 

12 

00 

28120 

01983 

13687  , 

42 

00 

73937 

56166 

22389 

12 

30 

26349 

03754 

17232 

42 

30 

73429 

56674 

23414 

*3 

CO 

24647 

04456 

20638 

43 

00 

72926 

57176 

24427 

»3 

3° 

23010 

07093 

23915 

43 

30 

72430 

57673 

25428 

00 

21432 

0S671 

27073 

44 

00 

71940 

58163 

26418 

14 

3° 

19910 

10193 

30120 

44 

30 

71455 

58648 

27396 

>5 

CO 

1844.0 

11663 

73063 

45 

00 

70976 

59  >2/ 

28363 

15 

3° 

1, 1701X 

4,  13085 

2, 35910 

45 

30 

0,  70503 

4,  59600 

3,29320 

16 

00 

15642 

14461 

38667 

46 

00 

7OO34 

60069 

30266 

l6 

30 

14307 

1  5096 

4133S 

46 

30 

69571 

60532 

31202 

J? 

00 

13013 

I7O9O 

4393° 

47 

CO 

69113 

60990 

32128 

17 

3° 

11757 

18346 

46447 

47 

30 

68660 

61443 

33044 

18 

00 

10536 

19567 

48893 

48 

CO 

68212 

61891 

33950 

18 

30 

09348 

20755 

51271 

48 

3C 

67769 

62334 

34847 

’9 

00 

08193 

2  1$  10 

53586 

49 

00 

67330 

62773 

35734 

19 

3° 

07067 

23=36 

55841 

49 

30 

66S06 

632O7 

36613 

20 

CO 

05970 

24133 

58039 

5° 

00 

66466 

63637 

37482 

20 

30 

1, 04901 

4,  25202 

2, 60182 

5° 

30 

0,  66041 

4, 64062 

3)  38343 

21 

00 

03857 

26246 

62274 

51 

00 

65620 

64483 

39195 

21 

30 

02838 

27265 

64316 

51 

30 

65204 

64899 

40039 

22 

00 

01843 

28260 

66312 

52 

00 

64761 

65312 

40875 

22 

30 

00870 

29233 

68262 

52 

30 

64383 

65720 

41702 

*3 

CO 

0,99918 

20185 

70170 

53 

QO 

63978 

66125 

42523 

23 

30 

98988 

3rll5 

72036 

53 

30 

63578 

66525 

43334 

24 

00 

98077 

32026 

73863 

54 

CO 

63181 

6^922. 

44138 

24 

30 

97184 

32919 

75652 

54 

30 

62789 

67314 

44935 

25 

00 

96310 

33793 

77505 

55 

00 

62400 

67703 

45724 

25 

30 

0,95454 

4,  34-^49 

2,79124 

55 

30 

0, 62014 

4, 68o8q 

3,46507 

26 

00 

946 1 4 

35489 

80809 

56 

00 

61632 

68471 

47282 

26 

30 

93791 

36313 

82461 

56 

30 

61254 

68849 

48058 

27 

•  00 

92982 

■^7121 

84083 

57 

CO 

60879 

69224 

48811 

27 

30 

92189 

37914 

85675 

57 

3° 

60508 

69595 

49566 

28 

00 

gnu 

38692 

87238 

5« 

00 

60140 

6qq6i 

50314 

28 

30 

90646 

39457 

88773 

58 

3° 

59775 

.70328 

52056 

29 

00 

8.9894 

40209 

90282 

59 

OC 

594!4 

70689 

51791 

29 

3° 

89156 

40947 

91765 

59 

3C 

59056 

71047 

52520 

30 

00 

88430 

41673 

93223 

60 

OC 

58700 

71403 

S3243 

LI 
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M. 

s'| 

^  fciapkd 

Time. 

Middle 

Time. 

M. 

3° 

00 

3° 

CO 

30 

00 

30 

CO 

3° 

CO 

jtiapfed 

Time. 

M  dole 
Time. 

Klnng. 

oo 

OI 

OJ 

02 

02 

°3 

c3 

04 

04 

°5 

30 

00 

30 

00 

30 

00 

30 

00 

30 

00 

0,  58348 
57999 
57^53 
57310 
56970 
56633 
56298 
55966 

55637 

553” 

4,7*755! 

72104: 

72450 

72793 

73133 

73470 

73805 

74137 

74466 

74792 

4,751*6 

75437 

75756 

76072 

76385 

76697 
77005 
773*2 
77616 
_  77917 

3>  53959; 
54670! 
55375 
56074! 

56767 

57455! 

58*37. 

588i4: 

59386 

60152 

30 

31 

31 

32 

32 

33 

33 

34 

34 

35 

0,  41488 
41261 
41036 
40812 
40590 
40368 
40149 
39930 
397*3 
39497 

4, 88-615 
88842 
89067 

89291 

89513 

89734 

89954 

90173 

90390 

90606 

3, 88625 

89097 

89567 

90034 

90498 

90960 

91420 

91876 

92331 

92782 

°s 

06 

c6 

07 

07 

08 

08 

09 

09 

10 

30 

00 

30 

00 

3° 

00 

3° 

CO 

3° 

CO 

0,  54987 
54666 

54347 

54031 

53718 

53406 

53°97 

52791 

52487 

52186 

3,  60813, 
61469 
62120 
62766 

63407; 

64043 

64675 

65302; 

65924 

66:42! 

35 

36 

36 

37 

37 

38 

38 

39 

39 

40 

30 

00 

30 

00 

3° 

00 

3C 

CO 

3° 

00 

c,  39282 
39069 
38856 
38646 

38436 

38227 

38020 

37814 

37609 
3  "4°  5 

4,90821 

9*034 

9*247 

91457 

91667 

91876 

92083 

92289 

92494 

92698 

3, 93232. 
93679 

94I23 

94566 

95005 

95443 

95878 

96-511 

96742 

97170 

10 

11 

11 
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78414 
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79680 

79966 
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67765! 
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71909; 
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4* 

4* 
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43 

43 

44 
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47 
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48 
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3° 
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30 

00 

30 

00 

3° 

00 
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93501 
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93897 
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94481 
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16 

16 

17 

17 
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>9 
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30 

00 

30 

00 

3° 

00 

30 

00 

3° 

00 
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47650 

47384 
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46856 
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4,  81091 
81367 
81641 
81914 
82184 
82453 
82719 
82984 
83247 
83508 
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73625 

741S9 

7475° 

75307 

75860 

76409 

76955; 

7749s 

78037 

3° 

00 

3° 

oc 

30 

00 

30 

00 

3° 

00 

0,35238 

35047 

34858 

34669 

34482 

34^95 

34110 

33925 

33742 

33559 

4, 94865 

95056 

95245 

95434 

95621 

95808 

95993 

96178 

96361 

96544 

4,01743 

02146 
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02947 
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03740 

04134 

04526 

04916 
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20 

21 

21 

22 

22 

*3 

23 

*4 

*4 

*5 

30 

00 

3° 

00 

3° 

00 

30 

00 

3° 

00 

0,46335 

46078 

45822 

45567 

45315 

45064 

44815 

44567 

44321 

44077 

4,83768 

84025 

84281 

84536 

S4788 

85019 

85288 

85536 

85782 

86026 
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79634 

80159 
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81717 
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82739 
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52 

53 

53 

54 

54 

55 

3° 

00 

3° 

00 

30 

00 

3c 

00 

30 

00 

30 

00 

30 

00 

30 

00 

30 

00 

3° 

00 
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33018 
32839 
32661 
32485 
323c9 
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31787 
0,  31614 
31443 
3*272 
3*103 
30934 
30766 
30599 
3=43  3 
30268 
30103 

4,96725 

96906 

97085 

97264 

97442 

97618 

97794 

97969 

98143 

98316 
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06457 

06838 
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26 

26 

*7 

27 

28 

28 

29 

29 

3° 

30 

00 

3° 

00 

30 

CO 

30 

00 

30 

CO 
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42878 
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41945 
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3,  86269 
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869S9 
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87461 
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87927 
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s5242 
s5734 
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86709 
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87672 
88150 

55 

56 

56 

57 

57 
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59 

59 

60 

4,48489 
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09823 
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11*75 

H634 
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01601 
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33 

34 

34 
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3° 

00 

3° 

00 

30 

00 

3° 

00 

30 

00 
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20704 

*°5®5 
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O9O37 

09158 

09279 

09399 

09518 
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°5 

06 

06 

07 

07 

08 

08 

09 
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30 
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3° 

Oo 

30 

00 
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30 

00 

30 

00 

30 

00 

3° 

00 

30 

00 
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27834 
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*7*77 
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2697S 
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26682 

26535 

26389 

26244 

26099 

*5955 

25811 

25668 

25526 
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02066 

02219 

02372 

02524 

02675 

02826 

02976 

05125 
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16838 
17173 
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17839 
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18500 
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36 

36 
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39 

39 

40 

30 

00 

30 
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3° 

00 

30 

.00 

30 
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10 

11 

11 

12 

12 

*3 

*3 

*4 
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*5 
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20771 
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41 

41 

42 

42 

43 

43 

44 

44 

45 

30 

00 
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co 

30 

00 

30 

00 

30 

00 
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18857 

18746 

18635 
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18415 
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18197 
18089 
0,  17981 

17874 

47767 

17660 

27554 

j7449 

*7344 

17*39 

27*35 

17031 

5.HO23 

JM35 

11246 

11357 

11468 

11578 

11688 

1  *797 

14906 

12014 

5, 12122 
12229 
12336 
12443 
12549 
12654 
12759 
12864 
12968 
23071 

4. 37173 
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37690 
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38204 

38460 

38714 

38968 
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4195a 

*5 

l6 
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J7 

*7 

18 

18 

*9 

*9 
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3° 

00 

30 

00 

30 

00 

30 

00 

30 

00 
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25IO4 

24964 

24825 
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24550 

24+13 

24277 

24141 
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04859 

04999 

05139 

05278 

05416 

05553 

05690 

05826 

05962 

4. 22980 

23290 

*3599 

23907 

24214 

24520 

24825 

25128 

25430 
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45 

46 

46 

47 

47 

48 

48 

49 
49 
5° 

30 

00 

30 

oo 

30 
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30 

OO 

30 

OO 

3° 
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3° 

00 

3° 

00 

3° 

00 

30 

00 

20 
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21 

22 

22 

*3 

^3 

24 

*4 

25 

3° 

CO 

30 

00 

30 

00 

30 

00 

3° 

00 

0, 24006 
23871 
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23605 
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23340 

23209 

*3078 

22948 

22819 

5,06097 

06232 

06365 

06498 

06631 

06763 

06894 

07025 

.07155 

07284 
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26330 

26628 

26924 

27220 
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*7807 

28099 

28391 

28681 

5° 

5i 

$1 

5* 

5* 

53 

53 

54 

54 

55 

0,  16928 
16826 
16724 
16622 
16520 
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16119 
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13277 

*3379 

13481 

*3583 

13684 

13784 

13884 

13984 
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4.  4*i93 
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*5 

26 

26 
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*7 

28 

28 
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3° 

30 

OO 

3° 

00 

30 

00 

30 

00 

3° 

00 
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07670 

07797 

07923 

08049 
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08300 

08424 

08548 
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31244 
31523 

55 

56 

56 

57 

57 
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•58 

59 

59 

60 

30 

CO 

3° 

00 

30 

00 

30 

00 

30 

00 
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15725 
15627 
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*5338 
15242 
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14476 
14573 
14669 
14765 
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44818 
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OO 
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3’ 

OC 
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3° 
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31 

30 
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59818 

02 
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15427 
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CO 
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02 
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3° 
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iS'97 
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00 
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30 

14215 
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30 
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OO 
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c6 
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16249 
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30 

09135 

20968 
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07 

OO 

13765 
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37 

CO 

09067 

21036 
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07 

30 
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37 

30 
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08 
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CO 
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CO 
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*7295 
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30 
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00 
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21832 
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13 
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17465 
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14 

oc 
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>s 
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53231 

45 

oc 
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45 

30 

0,07952 
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00 
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00 
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46 

3C 
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- 

00 
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cc 
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17 
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47 

30 
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18 

00 
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4s 

00 
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18 

30 
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4S 

30 
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cc 

11734 
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54885; 

45 

00 
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10 

30 
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49 

3° 
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60357 

20 

00 
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50 

oc 
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2C 

30 
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5° 

3° 
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21 

oc 
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18687 
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5‘ 

CO 

czyy 
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21 

30 
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5' 

30 
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cc 
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s6ior| 

52 

CO 
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3° 
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52 

30 
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2  9  OO4 
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2T 

CO 
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18999 
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53 

00 
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30 
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53 

30 
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24 

00 

I0950| 
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54 

CO 
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24 

30 
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54 

30 
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CO 
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5' 

00 
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zs 

3C 
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55 

30 
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CO 
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56 

00 
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30 
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56 

30 

06677' 
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CO 
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57 

oc 
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27 

30 
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3C 
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69071 
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CO 
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58 

CO 
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58 

30 

06412 
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00 
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59 

CO 
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06502! 
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30 
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00 
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3° 
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OI 

00 
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OO 
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OI 

30 
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31 

3° 
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02 

00 
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70550 

32 

OO 

03283 
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02 

30 

05977 

24126 

70712 

32 

30 
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26858 

79756 

03 

.CO 
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33 

OO 
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°3 

3° 
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33 

30 

03170 

26934 

&OO36, 
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QO 
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34 

OO 
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30 
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24337 
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30 
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CO 
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35 

OO 
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°5 

3° 
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35 

30 
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06 

00 
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36 

00 
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27118 
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06 

30 
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24544 
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36 

30 

02949 

27154 

80867 

07 

00 

0550S 

24595 
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37 

00 

02913 

2719® 

81004 

07 

30 

°5457 

24646 

72313 

37 

30 

02877 

27226 

81141 

08 

00 

05406 
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38 

00 

02841 

27262 
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c8 

3° 
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24747 

72628 

38 

30 
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81414 

°9 

00 
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72786 

39 

00 
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°9 

30 
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24847 
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39 

30 
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27367 
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10 

00 
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4° 

00 
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30 
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5>  24945 
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40 

30 
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II 

00 
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4‘ 

00 
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3° 
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41 

3° 
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275P4 
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12 

oc 
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42 
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02565 
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12 

30 
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42 

30 
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27571 

82494- 

13 

00 
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25187 
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43 

00 
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82628 

)3 

30 

04868 

25235 
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43 

30 
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27637 

82761! 

14 

00 
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2528Z 

74335 

44 

00 

02433 
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14 

30 
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44 

30 
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l5 

00 
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45 

00 
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15 
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17 

762 

631 

178 

610 

576 

565 

955 

496 

316 

402 

43 

1  O 

7~o 

6*4 

201 

593 

599 

547 

978 

47S 

338 

384 

4* 

jy 

809 

597 

225 

576 

622 

55° 

62001 

460 

361 

366 

4' 

20 

57»33 

81380 

59248  80558 

60645 

512 

62024 

78442 

63383 

77347 

40 

21 

857 

563 

272 

54i 

668 

474 

04b 

424 

406 

32  q 

39 

22 

8S1 

540 

295 

524 

691 

477 

069 

405 

4*8 

310 

38 

23 

9°4 

53° 

318 

5°7 

7*4 

459 

O92 

387 

45' 

292 

37 

24 

929 

5*3 

342 

489 

73s 

44 1 

i 1 5 

369 

473 

*73 

36 

25 

952 

496 

365 

472 

761 

4*4 

'3s 

35' 

496 

255 

35 

26 

976 

47,9 

3S9 

455 

784 

406 

160 

333 

5*3 

236 

34 

27 

999 

462 

412 

438 

807 

388 

183 

3*5 

54° 

218 

33 

28 

5S023 

445 

435 

420 

S30 

37' 

20b 

297 

563 

199 

3* 

29 

c47 

428 

459 

4°3 

853 

353 

229 

2-9 

585 

181 

3 ' 

30 

58070 

81412 

59482 

8038'J 

60876 

79335 

62251 

78261 

67608 

77162 

3° 

31 

094 

395 

526 

368 

899 

3l8 

274 

243 

670 

'44 

29 

32 

ll8 

378 

529 

35* 

Q22 

3<X) 

297 

225 

653 

'*5 

28 

33 

J41 

36  1 

55’- 

334 

945 

282 

320 

206 

675 

107 

27 

34 

I65 

344 

576 

316 

968 

264 

£42 

18S 

698 

c88 

26 

35 

189 

327 

599 

299 

99' 

247 

365 

mo 

72C 

CJO 

25 

36 

212 

31c 

622 

282 

61015 

229 

388 

152 

74* 

05 « 

24 

37 

236 

293 

646 

264 

038 

211 

411 

134 

763 

°33 

*3 

3s 

260 

276 

669 

247 

061 

'93 

433 

116 

78- 

014 

22 

39 

283 

2  <Q 

693 

230 

084 

176 

456 

038 

Sio 

76956 

21 

40 

583°7 

81242 

59716 

80212 

6j  107 

79158 

62479 

78079 

6383* 

■6977 

2C 

41 

33° 

225 

739 

195 

130 

3  40 

502 

061 

854 

959 

19 

42 

354 

208 

763 

178 

'53 

122 

524 

043 

877 

94° 

18 

43 

378 

191 

786 

160 

176 

105 

547 

025 

899 

9*1 

17 

44 

401 

*74 

809 

*43 

199 

087 

570 

007 

922 

903 

16 

45 

425 

157 

832 

125 

222 

069 

592 

779S8 

944 

884 

15 

46 

449 

I4C 

856 

ic8 

245 

051 

615 

970 

966 

866 

14 

47 

472 

123 

879 

C9I 

26s 

033 

63S 

952 

9S9 

847 

'3 

4S 

49  6 

106 

902 

073 

291 

0I5 

660 

934 

64011 

828 

12 

43 

5 ‘9 

089 

926 

056 

3*4 

7899s 

683 

916 

037 

810 

J  I 

5° 

58543 

81072 

59949 

ScojS 

61337 

7S980 

62706 

77897 

64076 

76791 

IO 

5' 

567 

°55 

972 

02 1 

360 

962 

728 

879 

078 

77* 

9 

52 

590 

03S 

995 

co  3 

383 

944 

75' 

SSi 

ICO 

754 

8 

S3 

614 

021 

60019 

79986 

406 

526 

774 

84-. 

123 

735 

7 

54 

63" 

OO4 

042 

068 

429 

goS 

796 

824 

*45 

7'7 

6 

55 

661 

809S7 

065 

95' 

45' 

891 

S19 

806 

167 

69S 

s 

56 

684 

97c 

089 

934 

474 

873 

842 

788 

Iqo 

679 

4 

5^ 

7cS 

952 

I  12 

916 

497 

855 

864 

769 

212 

661 

. 

58 

731 

936 

>35 

899 

520 

837 

8S7 

75' 

*34 

642 

* 

59 

"  3  > 

91c 

i^S 

SSi 

543 

819 

9C9 

733 

256 

623 

1 

| 

V.cof.  IN.fine 

v.cof. 

N.fine 

N.cof 

N.fine 

N.cof 

N.fine  i  N.cof. 

N.fine 

L 

54  1 

51 

5* 

1 

5' 

1 

5° 

1 
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4°  1  41 

42 

1  43 

1  44 

1 

M. 

N.Iine 

N.  col. 

N.Iine 

N.cof. 

N.fine 

N.cof. 

N.fine 

N.cof 

N  fine 

N.cof. 

M. 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

64279 

301 

323 

346 

368 

390 

412 

435 

457 

479 

76604 

586 

567 

54s 

530 

51 1 

492 

473 

455 

436 

65606 

628 

650 

672 

694 

716 

73* 

759 

781 

803 

75471 

452 

433 

4*4 

395 

375 

356 

337 

3*8 

299 

66913 

935 

956 

978 

999 

67021 

043 

064 

086 

107 

743*4 

295 

276 

256 

237 

217 

19S 

178 

*59 

*39 

68200 

221 

242 

264 

283 

306 

327 

349 

370 

39* 

73*35 

116 

096 

076 

056 

036 

016 

72996 

976 

957 

72937 

9*7 

897 

877 

857 

837 

8*7 

797 

777 

757 

69466 

487 

508 

529 

549 

570 

59* 

612 

633 

6x4 

69675 

696 

7*7 

737 

75? 

779 

800 

821 

842 

862 

7*934 

914 

894 

873 

*53 

833 

813 

792 

772 

752 

71732 

7** 

691 

671 

650 

630 

610 

590 

569 

60 

59 

58 

57 

36 
55 
54 
53 
52 

5* 

50 

49 

48 

47 

46 

45 

44 

43 

42 

4* 

40 

39 

S* 

37 
36 
35 
34 
33 
32 
3* 

3° 

29 

28 

27 

26 

25 

24 

23 

22 

21 

20  . 

*9 

*8 

*7 

*6 

*5 

14 

*3 

12 

10 

1 1 

12 

13 

14 

15 

16 

17 

18 

19 

64501 

524 

546 

568 

590 

612 

635 

657 

679 

701 

76417 

398 

380 

361 

342 

323 

304 

286 

267 

248 

65825 

847 

869 

891 

913 

935 

956 

978 

66000 

022 

75280 

261 

241 

222 

203 

184 

165 

146 

126 

107 

67129 

*5* 

172 

194 

215 

237 

258 

280 

301 

323 

74l20 

100 

080 

061 

041 

022 

002 

739*3 

963 

944 

68412 

433 

455 

47b 

497 

5*8 

539 

561 

5S2 

603 

.  20 

21 

22 

*3 

24 

*5 

26 

27 

28 

29 

64723 

746 

768 

790 

812 

834 

856 

878 

901 

923 

64945 

967 

9*9 

65011 

033 

°55 

077 

°99 

122 

144 

76229 

210 

192 

173 

154 

135 

1 1 6 
097 
078 
059 

66044 

066 

088 

109 

131 

*53 

175 

197 

218 

240 

75088 
069 
050 
030 
01 1 
74992 
973 
953 
934 
91 6 

67344 

366 

3S7 

409 

430 

452 

473 

495 

5*6 

53* 

73924 

904 

885 

865 

846 

826 

806 

787 

767 

747 

68624 

645 

666 

688 

7°9 

730 

75* 

772 

793 

814 

72737 

7*7 

697 

677 

657 

637 

617 

597 

577 

557 

69883 

904 

925 

946 

966 

987 

70008 

029 

°49 

070 

7*529 

508 

488 

468 

447 

427 

407 

386 

366 

7A.  C 

30 

31 
3* 

33 

34 
34 

36 

37 

38 

39 

7604I 

022 

OO3 

759*4 

965 

946 

927 

908 

889 

870 

66262 

284 

306 

327 

349 

37i 

393 

4t4 

436 

458 

74896 

876 

858 

838 

818 

799 

780 

760 

74* 

722 

67559 

580 

602 

623 

645 

666 

688 

709 

730 

752 

7372S 

708 

688 

669 

649 

629 

610 

59° 

570 

55* 

68835 

857 

878 

899 

920 

94' 
962 
983 
69OO4 
02  ^ 

72537 

5*7 

497 

477 

457 

437 

4*7 

397 

377 

357 

70091 

112 

132 

*53 

*74 

*95 

215 

236 

257 

277 

7*325 

305 

284 

264 

243 

22s 

203 

182 

162 

*4* 

7II2I 

loo 

080 

059 

°39 

019 

70958 

97* 

957 

40 

41 

42 

43 

44 

♦S 

46 

47 

48 

49 

65166 

l8S 

210 

232 

254 

276 

298 

320 

342 

364 

75s5* 

832 

813 

794 

775 

756 

738 

719 

699 

680 

66480 

501 

523 

545 

566 

588 

610 

632 

653 

675 

74703 

683 

664 

644 

625 

606 

586 

567 

548 

528 

67773 

795 

816 

837 

859 

880 

901 

923 

944 

965 

7353* 

5** 

491 

472 

452 

432 

412 

393 

373 

353 

69046 

067 

088 

109 

130 

151 

172 

193 

214 

235 

72337 

3*7 

297 

277 

257 

236 

216 

196 

176 

*56 

70298 

3*9 

339 

360 

381 

401 

422 

443 

463 

484 

5° 

Si 

5* 

53 

54 

55 

56 

57 

58 

59 

65386 

408 

430 

452 

474 

496 

5X8 

540 

562 

583 

N.col'. 

75661 

642 

623 

604 

5*5 

566 

547 

528 

509 

490 

N  fine 

66697 

718 

740 

762 

783 

805 

827 

848 

87c 

891 

N.cof. 

745°9 
489 
470 
45 1 
43* 
412 
39a 

373 

353 

334 

N.fine 

67987 

68008 

029 

051 

072 

093 

1  *5 
x  36 
157 
*79 

N  cof. 

937 

II 

73333 

3*4 

294 

274 

254 

234 

2t5 

*95 

*75 

*44 

N.fine 

69256 

277 

298 

3*9 

340 

361 

382 

4°3 

424 

445 

N.cof. 

72*36 

116 

095 

075 

°55 

°35 

°*5 

7*995 

974 

954 

N.fine 

70505 

525 

546 

567 

587 

608 

628 

649 

670 

690 

N.cof.l 

70916 

896 

875 

855 

834 

8*3 

793 

772 

752 

73* 

N.Iine 

10 

9 

8 

/ , 

6 

5 

4 

3 

2 

1 

.  ..1  49 

48 

47 

46 

a 

5  1 
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South  Coast-  of  England,  bounding  the  Britifli  Channel* 
and  the  oppoiite  Coaft  of  France.  W  ith  the  Latitudes, 
and  Longitudes,  and  Time  of  High  Water  j  and  the  Time 
the  Current  runs  in  the  Offing  of  fome  Places. 


Englilli  Coaft. 

H.W. 

Lat. 

Long. 

i  tench  Coaft . 

H.W. 

Lac. 

Long. 

H.M. 

D. 

M. 

D.M. 

H.M. 

D.M. 

D.M. 

North  Foreland 

IO 

3° 

5i 

25N. 

I 

34E. 

Dunkirk  - 

1 2  O 

51 

2N 

2 

27E. 

Ramfgate  — 

10 

3° 

5t 

20 

I 

3° 

Graveline  - 

11  45 

5  1 

O 

2 

12 

Deal  — 

10 

3° 

51 

14 

I 

3° 

Calais  - 

11  30 

5° 

57 

I 

56 

The  Downs  — 

10 

3° 

51 

25 

I 

40 

Boulogne  - 

10  30 

50 

43 

I 

42 

South  Foreland 

10 

3° 

5i 

12 

I 

32 

Abbeville  - 

10  30 

5° 

7 

1 

56 

Dover  — 

10 

30 

51 

7 

I 

22 

Dieppe  - 

10  30 

49 

57 

I 

9 

Rye  — 

1 1 

1 5 

51 

3 

O 

5° 

Havre  de  Grace 

9  0 

49 

3° 

0 

17 

Dengenefs  — 

9 

45 

5° 

57 

I 

6 

Kouen  up  K.Syne 

1  15 

49 

27 

I 

IO 

Haftings  — 

1 1 

O 

5° 

52 

O 

84 

Sine  R.  Mouth 

9  0 

49  3*5 

O 

3° 

Beachyhead  — 

1 1 

O 

5° 

48 

O 

24 

Caen  - - 

9  0 

49 

I  I 

O 

1  6W 

Brighthelmftene 

10 

O 

S=> 

5° 

O 

O 

C.  Barfleur  — 

7  3° 

49 

38 

I 

l6 

Arundel  — 

9 

O 

5° 

5° 

O 

z4W 

Cherbttrg  — 

9  0 

49  38 

I 

34 

Shorcham  — 

9 

45 

5° 

51 

O 

17 

C.  de  la  Hague 

12  0 

49 

42 

I 

45 

Chichefter  — 

1  I 

O 

49 

*2r 

482 

0 

43 

Coutances  — 

6  0 

49 

2 

I 

27 

Portfmouth  — 

II 

15 

5° 

I 

4 

Granville  — 

6  0 

48 

S° 

1 

36 

Southampton 

12 

O 

50 

55 

I 

22 

Auranches  — 

6  0 

48  41 

I 

24 

Spithead  Road 

I  I 

1 5 

50  48 

1 

6 

St.  Malo  - 

6  0 

48 

39 

I 

57 

Cows,  I.  of  Wight 

1 1 

3° 

50 

48 

I 

16 

Seven  Illands  — 

0 

48 

53 

3 

3° 

St.  Helen’s  Road 

10 

3° 

5° 

43 

0 

55 

Ifle  de  Bas  — 

3  45 

48 

50 

4 

O 

Bembridge.I.  Wi. 

IO 

15 

S° 

40 

0 

52 

Bay  of  Bis  c  a  v. 

Dunnofe  — 

9 

45 

S° 

35 

I 

7 

Breft  - 

3  45 

48 

23 

4 

26W  : 

Catharine’s  Point 

9 

O 

SO 

34 

I 

H 

Port  Louis  — 

3 

47  48 

3 

20 

Needles  ioh.  1 5m 
Chrift  Church 

8 

8 

15 

>5 

50  42 

50  46 

I 

I 

34 

44 

The  Ea/t  Coaft  of  Britain  and 

Pool  Dorfetfliire 
Peveral  Point 

6 

8 

45 

45 

50  46 

50  36 

I 

I 

54 

5° 

Places  up  Rivers. 

St.  Alban’s  Head 

8 

30 

5° 

28 

2 

O 

H.W. 

D.M. 

D.M. 

Weymouth  — 

'7 

3° 

SO  3* 

2 

3° 

R.  Thames, Lond 

3  0 

5 1 

32 

O 

oE. 

Bill  of  Portland 

6 

3t> 

5° 

31 

30 

1  30 

5i 

28 

20 

Exmouth  Bar 

s 

45 

S° 

42 

3 

35 

R.  Medway,  .. 

Exeter  —  — 
Torbay  — — 

0 

O 

s° 

45 

3 

39 

Rochefter  &  1 
Chatham  j 

0  45 

51 

25 

0 

36 

5 

1 5 

SO 

34 

3 

38 

Dartmouth  — 

5 

15 

SO 

27 

3 

36 

Sheernefs 

12  O 

5i 

31 

0 

5° 

Start  Point  — 

6 

45 

SO 

9 

3 

45 

The  Nore 

12  0 

51 

34 

I 

6 

Prall,S.P.ofDev. 

O 

O 

SO 

5 

5 

So 

Margate 

11  0 

5i 

25 

I 

20 

Plymouth  — 

6 

O 

SO 

21 

4 

20 

King’sChannel 
along  the  ' 

10  30 

5 1 

38 

I 

l6 

EddiltoneTide  ru 

8 

«5 

SO 

7 

4  23 

Ram  Head 

7 

30 

SO 

16 

3 

56 

Swin  Runs  / 

IZ 

Falmouth  —  > 

7 

3° 

So 

IO 

5 

12 

Kentilh  Knock-* 
the  Eafter-  J 
moft  Sand  in  1 

Lizard  Point 
Mount’s  Bay  — 

7 

3° 

49  57 

5 

14 

4 

3° 

SO 

5 

5 

4S 

Land’s  End  — - 

7 

30 

S° 

6 

6 

O 

the  King’s  h 

10  30 

51 

37 

I 

40 

Scilly  I.  — 

3  45 

SO 

6 

6 

49 

Channel,  N.  ' 
oftheDowns  J 

St.  Marie’s  I. 

3 

45 

49  58 

6 

40 

Aldern.&Cafkets 

12 

O 

49  48 

2 

10 

theCur.runstill 

I  O 

O 

O 

0 

0 

Guern,I.&SarkI. 

Jerfey’I. 

I 

30 

49 

30 

2 

47 

Harwich  ioh  30m 

Ji  ij 

51 

58 

I 

20 

I 

30 

49 

7 

2 

26 

Ipfwich  11 

11 

S  2 

8 

r 

IO 

H.W.ftands  for  High  Water  ;R.  for  River;  I.forlfland;  P. for  Point;  andC.forCape 
The  JLorigitvide  is  reckoned  from  the  Meridian  of  Lanclon, 

N  n 
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11  .  w  ‘ 

i_»<i  l  • 

.  1 

I1.M..D  M. 

D.M. 

lie  Bay  — 

9  3° 52  24 

1  53F.. 

.eftoff  10  — 

9  ° 

S  2  36 

1  52 

ower  Lights  — 

52  48  1 

v'intertonnefsLi. 

52  50  J 

1  44 

Irforenefs  — 

9  45 

5  2  10 

1  20 

Yarmouth  — 

9  3° 

52  45 

1  50 

Ditto  Road  — 

8  *5 

Cromer  Lights 

7  3° 

53  3 

1  *4 

Veils  - 

6  1 5 

53  4 

I  O 

Lynn,  in  Norfolk 

6  o 

52  5° 

0  22 

Sotton  - 

6  o 

53  1° 

O  ]  2 

Mo.  of  R.  a 

Humber  the  | 

5  1 5 

53  3° 

0  16 

Spurn  J 

R.H  imber,  Hull 

6  o 

53  45 

0  12W 

Birdlington  Bay 

3  45 

54  6 

O  0  - 

Flamborouglf.eari 

3  ° 

54  10 

0  5?. 

Scarborough  — 

3  45 

54  18 

0  12V 

Robin-hood  Bay 

3  45 

54  22 

0  l  7 

Whitby  - 

3  ° 

54  3° 

0  22 

K..  Lee’s  Mouth 

3  o 

54  4° 

I  0 

-  Stockton 

5  t5 

54  37 

1  io 

Hartlepool  — 

3  o 

54  45 

1  0 

Sunderland  — 

3  0 

54  56 

1  10 

North  Si  ‘eld-  — 

3  0 

55  2 

I  12 

Newcaftle  — 

5  15 

55  2 

1  26 

Tirmouth  Cattle 

3  0 

55  4 

I  12 

Sunderland  Point 

3  c 

55  32 

1  24 

Holy  Wand  — 

2  45 

55  4° 

1  34 

Berwick.  — 

2  3 

5  5  46 

1  42 

St.  Abb’s  Head 

2  O 

55  54 

1  50 

Dur.bar  - 

2  3 

55  58 

2  l8 

Edinburg  - 

4  3° 

5  5  58 

3  0 

Buckanefs  — 

3  o 

5  7  3o 

1  35 

Aberdeen  - 

o  45 

57  7 

1  52 

Cathnefs  Point, 

9  o 

58  46 

3 17 

of  Orkney  and  Shetland. 

Pickland  Skeries 

3  c 

58  54  N 

3  oW 

Pomona  chief  Ifle 
NorthRonalfa,  a 

3  0 

59  24 

3  20 

the  Norther-  1 
mortol  toe...  J 
Shetland  Hies 

3  0 

59  40 

2  45 

Fair  Ifle  - 

3 

59  3° 

2  20 

houle  Ifle  — 

3 

60  12 

2  40 

Sella  Ifle  - 

3 

60  35 

2  24 

Balta  Ifle  - 

3 

60  3: 

1  4 

Sears  Ifle  - 

3 

60  1 5 

1  0 

U  eji  Coajl  of  Scotland. 

Cape  Wrath 

0  30 

58  40N 

4  50W 

Ifle  of  Lewis  — 

58  30 

6  30 

I.  of  Sky,  N.  0 

57  45 

6  35 

Dour-  asLofMan 

10  3° 

54  10 

4  24 

iVeJi  Coajl  of  England. 


H.W. 

L 

.  N 

Long. W 

H.M 

D.M. 

D.M. 

White  Haven  — 

10 

45 

54 

35 

3 

44 

St.  Bee’s-hcad 

10 

45 

54 

3° 

3 

45 

Lancafler  — 

1 1 

0 

53 

42 

3 

6 

Chefter  or  W.  1 

Chefter  R.  J 

1 1 

3° 

S3 

12 

3 

1  1 

Dee  J 

Parkgite  — 

1 1 

c 

53 

17 

■3 

'5 

Liverpool, 

1 1 

0 

S3 

22 

3 

18 

Holyhead  — 

1 1 

3° 

53 

23 

4 

40 

Barfev  01  Bardflvl 

3 

3° 

52 

44 

4 

5° 

St.  David’s-head 

6 

0 

S« 

55 

5 

IO 

St.  Bi  ide’s  Bay 

5 

c 

51 

56 

5 

O 

Grelholm  Ifle  - 

5 

30 

51 

S3 

5 

15 

Milford  Haven 

5 

1 5 

5' 

45 

5 

O 

Swanfea  - 

6 

O 

5i 

43 

3 

5° 

Mouth  of  the  "I 

Severn,  Fla-  i 

6 

0 

51 

22 

3 

10 

tholme’s  Ifle  J 

Briltol  - 

6 

45 

5i 

26 

2 

45 

Lundy  Ifland 

5 

15 

51 

20 

4 

44 

Hartland  Point 

4 

50 

51 

8 

4 

3® 

C. Cornwall  5I1.30 

7 

O 

50 

10 

5 

5° 

Land’s  End  5  30 

7 

3° 

CO 

6 

5 

52 

The  Ccafi  of  Ireland 

• 

Dublin  - 

10 

3° 

53 

12 

7 

3 

Wexford  - 

9 

45 

52 

13 

j 

33 

Waterford  - 

1 

30 

52 

7 

7 

52 

Cork,  the  Cove 

5 

if 

S' 

40 

9 

30 

Kinfale  - 

6 

O 

51 

32 

9 

44 

Lupis’s  Head 

6 

O 

52 

24 

10 

15 

Cape  Clear  — 

5 

45 

51 

18 

9 

S3 

Meflfen  Head 

Si 

l6 

10 

IO 

Limerick  • 

6 

O 

52 

22 

9  48 

Galway  - 

6 

3° 

53 

IO 

10 

3 

Sline  Head  - 

7 

c 

53 

20 

1 1 

15 

Broad  Haven 

7 

0 

54 

7 

10 

6 

Londonderry 

7 

30 

5  S 

1 

7 

31 

Fair  Foreland 

0 

0 

55 

10 

6 

35 

Belfaft,  Lough 

4 

>5 

54 

43 

5 

52 

Lambay  Ifland 

8 

'5 

53 

24 

7 

33 

Tory  Ifland  - 

5 

30 

55 

9 

8 

32 

Ifle  of  Aran 

1  I 

O 

54 

48 

8 

59 

Carlingfo  d  Bay 

54 

0 

6 

IO 

The  Weft  Coajl  of  France. 

Ifle  of  Ufliant 

6 

O 

48  3°N. 

4 

55U 

B  eft  - 

3 

15 

48 

23 

4 

26 

Denmark  Point 

3 

O 

47 

5° 

4 

20 

Bell  Ifle  - 

3 

30 

47 

21 

3 

13 

Angers  - 

0 

0 

47 

28 

0 

34 

Rochelle  - 

5 

45 

46 

10 

I 

1 1 

Nantz  - 

0 

c 

47 

13 

I 

30 

Bourdeaux  —  ■ 

3 

0 

44 

5° 

0 

30 

Bayone  - 

3 

30 

43 

29 

I 

25 
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IV eji  Coaji  of  Spain 

Portugal, 


and 


H.W . 

Lat. 

Long. 

H.M. 

D.M. 

D.M. 

Cape  Ortegal 

3  0 

43  52 

7  5«W 

Cape  Pinas  - 

3  0 

43  11 

6  6 

3.  Corunna, 

3  0 

43  28 

8  is 

C.  Prior  - 

O  O 

43  38 

8  S 

C.  Finiltere 

3  15 

43  3 

9  6 

Ville  del  Conde 

41  19 

8  20 

Oporto,  or  v 

Porta  Port  > 

0  0 

4i  5 

8  6 

P  J 

Bayonna  — — 

4  45 

42  3 

8  45 

Burlings  •  -  - 

39  36 

9  10 

Li  (bon  - 

2  45 

38  42 

8  53 

C.  Roxent  - 

I  0 

38  4° 

9  16 

C.  St.  Vincen  t 

36  58 

8  45 

Cadiz  5  - - 

4  3° 

36  33 

5  56 

Cape  Trefalgar 

36  10 

5  55 

Gibraltar  - 

12  O 

36  12 

4  53 

The  Coajis  on  the  Main  Conti¬ 
nent  within  the  Straits. 


Places  Names. 

Malaga  -  — 

Cape  de  Gat  — 

Cape  Paul  - 

Alicant - — 

Cape  St.  Martin  — 
Barcelona  — —  — 
Marfeilles  — 
Toulon  — 

Genoa  ■  —  — 

Leghorn  -  — 

Civita  Vecchia  — 
Rome  —  — 

Naples  — —  — 

Cape  Spartevento  — 

Cape  Colonne  - 

Gallipoli  —  — 

Cape  St.  Maria, or  Lucia 

Venetia,  or  Venice  — 
Zara  -  — — 
Ragufa  ■  — -  - 

La  Valona  ■ 

Lepanto  — —  — — 
Cape  Matapan,  orCaliga 
CapeS  t  Angelo, or  Angulo 

Athens  -  — 

CapeMartelo  South  Point 
of  Negropont  — 

Cape  Colom,  or  Colonne 
Salonica  -  — 


Lat. 

D.M.  ' 

36  42  N 

36  40 
38  IS 
38  35 
38  46 

41  26 
43  18 

43  7 

44  25 
43  28 

42  10 

41  54 
40  si 

37  55 

38  56 
40  20 

39  45 

43  40 

45  ZS 

44  3° 

42  45 
42  47 
4°  55 
38  20 
36  33 

36  32 

37  58 

38  7 
37  45 

40  41 


Long. 

D.M. 

4  oW 

1  40 
o  iE. 
o  is 

o  30 

2  18 

5  27 

6  2 
8  40 

10  30 

11  15 

12  25 

14  20 
16  45 
18  1 

18  23 

19  o 

*3  3° 

12  IQ 

16  35 

18  50 

19  17 

21  15 

22  42 

22  41 

23  56 

24  5 

25  3 

24  42 

23 13 


Places  Names. 

Cape  Monte  Sanfto  — 
Gallipoli  — — — 

Conllantinople  - 

Cape  Barbador,  or  Baba 

Smyrna - t — 

CapeBarbernola,orBlane 

Ephefus  -  — 

Antiochetta  . - 

Standaroon,  or  Alexan- 

dretta  - 

Antiocha  - 

Aleppo  — —  — — 

Tortofa  -  - 

Tripoli  -  — — 

Joppa  or  Jaffa  - 

Jerufalem  -  - 

Alexandria  - 

Cape  Rufata  — - 

Cape  Mefurata  — 
Tripoly 

Sufa  - 

Cape  Bona 
Tunis 

Bona  — 

Seven  Capes 
Gigeri  — 

Cape  Tidelles,  orDellys 

Algier  - 

Cape  Tenes 
Orain  - 

Cape  Trees  Forcas  — 
Ceuta 
Tangier 


Lat. 

D.M. 

40  26  N 

4°  33 
40  59 

39  3° 

38  28 

9 

i 

36  30 


38 

38 


36  34 

36  11 
35  42 
3  5  40 

34  48 
32  45 
3i  51 

31  10 

32  48 
32  21 
32  54 

35  53 

37  3 

36  5° 

36  52 

37  IS 
37  14 
37  15 
36  so 
36  45 
36  2 

35  30 
35  54 
35  52 


Long. 

D.M.  ' 

25 

2E. 

27 

20 

28 

56 

26 

3° 

27 

25 

26 

32 

27 

53 

32 

46 

36 

3° 

37 

18 

37 

24 

36 

O 

36 

5 

36 

O 

35 

25 

30 

19 

21 

25 

l6 

17 

13 

IO 

IO 

34 

II 

4  ' 

IO 

17 

8 

19 

7 

Q 

6 

15 

4 

l8 

2 

19 

I 

50 

26 

2 

4w 

4 

45 

5 

45 

IJlavds  within  the  Straits. 


Alboram 
Formentaria 
Ivica  — — 
Majorca  — 
Minorca  — 


C.Tolare,So.  f  Endof  1 
C  ReperadeN  J_  Sardin  J 
Afinaria 


Bonifacio , So.  f  Endof  7 
C.Corfo,Nor.\  Corfic  J 
Capri,  or  Captia 
Liboa,  or  Elba, 

Panoza 
M.  Crifto 
Palmarolla,  or  Palmeria 
Ponza  — 

Ifchia,  or  Efchia 

Liffa  - 

Agofta 
Corzola 


o  N 
33 
5° 

45 
5  * 

5° 

10 

3 

24 

S^ 

3 

45 

o 

17 

3 

o 

54 

6 

58 

3 


27E, 

15 

39 

o 

o 

12 

50 

48 

46 

50 


10  I  7 

10  40 
13  3 

11  o 

13  5 
13  7 
13  35 

16  40 

17  20 
17  32 


(  a»4  ) 


Lai. 

L  mg. 

D.M. 

DM. 

j8  58  N 

16 

38  27 

IS  33 

38  3° 

« 5  0 

38  30 

14  42 

,8  36 

'3  32 

37  5  7 

1 3  *3 

6 

>3.  5° 

36  38 

1 5  40 

38  7 

16  20 

37  3 

!S  45 

36  48 

■2  30 

35  56 

1 3  n 

35  34 

12  46 

3  5  53 

*4  32 

3  5  45 

16  36 

42  .52 

1 3  6 

30  42 

■9  46 

38  15 

20  10 

37  46 

21  14 

36  40 

21  45 

r  chip  e  lag  0. 

40  40  N 

25  1/ 

39  59 

25  37 

39  15 

26  j 

38  57 

27  0 

39  22 

23  58 

38  22 

26  12 

37  20 

26  ss 

37  35 

25  36 

37  37 

24  50 

3  7  24 

24  53 

36  58 

2C  20 

36  40 

25  0 

35  15 

24  0 

35  0 

2  7  8 

36  27 

28  38 

36  1 

28  28 

34  57 

32  23 

35  3 1 

35  0 

34  3° 

33  10 

Place*  Names. 


Strombcllo 
V  tllCHItO 

I'elicttr 
Allicur 
7  (tica 
r repano  W.  End  of-. 

!’a lermo  in  -  1 

LPaffaroE.  End  of  j- 
Medina  in 
syracufe  in 

Pantahria  -  — 

Li  r.ofa  -  — 


Lampidofa 
Malta 

Ouvre  Poel,  a  Rock 
Melada 
Corfu  — 

Cepha  Ionia 
Zatiro  — 
Sapienfa 


Coajl  of  Iceland. 


"I'alib  -  - 

Lemnos  - 

Metylrne/ 

J  \  P.  Olivia 

Siatto,  or  Schate  - 

Scio,  or  Xio  — - 

Patmos  -  — 

Tir.o  - -  - 


Zio,  or  Sea  — 
Fcfmihia,  Fermina,  or 
Termie  — — 

Serfante,  or  Sifanto 
Milo  - 

W ")  ?  V  f  CapeStJohn 
E.  |  —  ~  1  CapeSolom. 

Rhodes/ N-EndofCar.e 

1_  S  EndTranquil 
SW.  A  O  tK  r  c.Baffa 
Ealt  Vo  £>J  C.StAndr. 
Sout  J'-c  c  (^C.deGatte 


Co  if l  of  Greenland. 


NovaZem.  &  Ides 
Shetland  So. Point 

No:  th  ditto  - 

Hangcliff  —  . 
Entr.of  BrafvSoU 


K.W. 

H.M 

59  56  N 

1  3cW 

Va-. 

60  50 

0  10 

23  45 

60  9 

0  38 

Lat. 

Long. 

D.M. 

D.M. 

Sound  Royal 

66  22 

14  30W 

Birgazar  Point 

66  20 

16  32 

Whale’s  back  — 

65  26 

20  32 

Merchant’sForel. 

63  24 

>7  5 

Ilallifoid  - 

64  30 

27  20 

Pair  Foreland 

66  18 

26  30 

Grim’s  lfland 

67  13 

22  32 

Weftmonia  Ides 

63  28 

22  22 

Ides  of  Ferre,  or 

Farro 

62  4 

5  0 

Becrenburg,  or 

Joan  Main  lde. 

71  JO 

4  3° 

Ccajl  of  Greenland 

• 

Point  Look-out 

Var. 

76  24 

fi 5  33E 

Plorn-found  — 

Weft 

7 *  45 

•3  3* 

Bell-found  - 

77  «2 

12  45 

Charles  I.  Black 

Point 

77  35 

11  15 

C.  Cold  N.  end 

Chai  les  I. 

i3  36 

79  6 

i  r  2 

Ide  Amfterdam 

79  4a 

12  45 

Fair  Foreland 

79  *8 

10  50 

Hacluit’s  Plead- 

land 

17  40 

79  47 

10  46 

Cloven  Cliff 

18  24 

79  43 

9  56 

Muffin  Ide 

18  13 

80  19 

1 1  20 

Black  Point 

9  42 

78  28 

18  38 

Table  I.  one  of 

the  7 

9  33 

80  57 

20  34 

Smcerenburg  — 

t3  53 

79  44 

1 1 43 

Dunkins  Ide  in 

18  47 

79  42 

9  59 

Vogel  Sound 

20  38 

79  52 

12  35 

Hope  Idand  — 

76  15 

23  40 

Cherry, or  Bear  Ide 

74  28 

18  0 

Admiralty  lde 

75  0 

54  40 

Nova  Semhla  — 

78  0 

70  0 

Weigate  Straits 

70  30 

60  0 

CapeCandinofe 

69  0 

42  33 

Cat  Node  - 

65  40 

35  ° 

Archangel  - 

64  34 

38  6 

Crofs  Idand  - 

66  30 

36  30 

Sweetr.ofe  - 

68  6 

34  40 

Kiiauyn  - 

69  24 

31  20 

North  Cape  - 

7 1  27 

27  3° 

Surroy.  - 

7 1  0 

20  O 

Tromfound  — 

70  20 

15  26 

LxfortS.W.  Point 

68  10 

9  28 

Dronthem  - 

63  26 

11  4 

Statland  ■ 

62  12 

4  40 

North  Bergen 

60  to 

6  14 

Naze  of  Norway 

12  O 

57  44 

7  20 
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Co  aft  in  the  Sound  and  Baltic. 


dardou  — 
Ihriftiania  ■ 
Jotteuburg 
llfinore 
lorenhagen 
[aimer 
tockholm  ■ 
Vybourg  — 
'eterfburg  ■ 
Jarva  — 
level  — 

Liga  _  — 

)erwinda 
[oninglberg  — 
Jantzic 
ViibyinGothland 
lornholm 
trael  Sound  — 
,ubec  — 

IlUOUC  — 

,efou  — 


Var. 

Lat. 

Long. 

Weft 

D. 

M. 

D. 

M. 

58 

20  N 

8 

58E. 

59 

23 

9 

5° 

57 

5° 

I  2 

10 

ro 

56 

23 

I  2 

40 

55 

40 

12 

50 

S6 

40 

l6 

30 

59 

20 

18 

10 

60 

5° 

29 

12 

0  00 

59 

56 

30 

22 

59 

26 

28 

20 

59 

24 

24 

5° 

57 

O 

25 

3® 

57 

12 

22 

O 

54 

40 

21 

3° 

54 

22 

18 

36 

57 

3® 

18 

25 

55 

12 

14 

4° 

54 

24 

13 

IO 

54 

4 

I  I 

40 

56 

5° 

I  I 

O 

57 

4 

10 

27 

'oajt  of  Holland  and  Flanders 


H.W. 


felighland 
Iremen  — 
famburgh 
bnbden 
rhe  Fly  — 
rhe  Texel 
5mfterdam 
Rotterdam 
Antwerp 
rhe  Brill 
)ftend  — 


6  o 
6  15 
12  IJ 
6 


,orvo  - 

'lores  — 

'ial  - 

rercera  — 
t.  George’s 


’ico,  or  Pic  of  AzoresP 
It.  Michael's  —  P 
t.  Marie's  •—  P 


57 

30 

10 

2oE. 

54 

25 

8 

33 

53 

3° 

9 

O 

53 

40 

IO 

3° 

53 

3 

7 

3° 

43 

12 

5 

3° 

53 

12 

5 

IO 

52 

22 

5 

15 

5 1 

57 

4 

34 

5i 

13 

4 

28 

52 

4 

I 

5i 

h 

3 

I 

or  Azores. 

39 

48  N 

3 1 

20W 

39 

24 

3° 

20 

38 

40 

27 

O 

39 

0 

24 

5=> 

38 

45 

25 

56 

38 

36 

26 

20 

38 

12 

22 

So 

37 

O 

22 

56 

Porto  Sanflo  — 
Madeira  P  Eaft  end 
Funchal  ■■■ 

Ditto  Weft  and 

Palma  - - 

TenerifF,  the  Pic 
Gemara  — - 

6.  Ferro^orMeof  Fer 

7.  Canaria  ■ 

8.  I.  Fortune  Ventura 
Seven  others  N.  E.  of 

this. 


Canary  IJlands. 


Lat. 
D.M. 

33  6N 
32  5® 

3Z  32 
32  3° 

28  40 
28  25 
27  57 
27  48 

27  S3 

28  20 


Long. 
D.M. 

16  5W 

16  26 

1 7  6 
17  28 

1 7  35 

16  25 

17  7 

‘7  33 
15  38 
14  10 


Cafe  de  Verd  IJlands. 


1 .  St.  Anthony  — 

17  0  N 

24  25W 

2.  St.  Vincent  — 

55 

24  IO 

3.  St.  Lucia  — — 

»6  53 

24  0 

4.  St.  Nicholas 

16  40 

23  22 

5.  I.  ofSel  - 

16  57 

21  52 

6.  Bonavifta  — 

16  5 

21  45 

7.  Ille  of  May  — • 

15  14 

22  5 

8.  Ifle  of  St.  Jaga 

15  0 

22  45 

9.  Me  of  St.  Philip 

14  50 

23  22 

10.  Me  of  St.  Jean 

14  45 

24  IO 

Coajl  of  Barbary  and  Guinea . 


Cape  Spartel  —  - ■ 

Cape  Cantin  — 

Cape  de  Gear  - 

Cape  de  Nun  — — 

Cape  Bajadore  — 

Cape  Olerado  — ■ 

Cape  das  Barbas  — 
Cape  Blanco  . 

Cape  Mirick  - 
Mouth  of  Senegal  River 
Senegal  _ , 

Cape  de  VeTd 


Mouth  of  River  Gambia 
Cape  Rogue  -  — 
MouthofRiverSierralion 
Cape  Monferado  — — 
Cape  Palmas  - 


45  N 
o 

48 

40 

*5 

28 

28 
6 

46 
12 
36 

36 

42 

29 
12 

3° 

28 

*5 


48W 
20 
5° 

5 

6 
22 
S° 

43 
20 

3° 

20 
40 

S 
o 
18 


(2  12 
9  3® 
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Coa/t  of  Barbary  and  (ruinea. 


Cape  Three  Points 
River  Volias  — 
River  Formofa  — 
New  Callabar  — 
0!r!  Cal  al.ar  — 


River  Cammaroons 
River  Arigra 
Cape  Lopez  — 

River  Congo  — 

Angola  . 

Cape  Negro 


C3pe  St.  Thomas  — 
The  Cape  Town  — 
.Cape  of  Good  Hope 
Cape  Falfe,  or  Hangl 


'P 


Lat. 

D.M. 

4  45  N 

5  5° 

6  io 

5  ° 

4  3° 

3  30 
i  o 

o  48S. 

5  45 
‘5 


16  30 

24  54 


33  56 

34  3° 
34  34 


l-'O  .fi. 

D.M. 

3  icW 
1  10E, 

4  50 
7  o 


8  to 

9  10 


9  35 
8  30 


5° 

o 

30 


15  z  s 
18  28 

18  45 

19  15 


Southern  ljlands  in  the  Atlantic. 


Sc.  Mathews 

Afcenfion 
St.  Hellena 
Fernanddpo 
Princes 
St.  Thomas 
Cape  Podron 
Annabona 
St.  Philips 


Triftian  de  Cunha  — 
Ifle  de  Picos 
I.  Martinvas 
I-  Sc.  Maria 
I.  Trinidada 
I.  Afcenfion 


I.  Fanando  Noranha 

T.  Rocas  - 

I.  Sebaldes  - 


I  23  s. 

6  10W 

7  57 

1 3  5  + 

16  4 

5  54 

3  2N 

3  32E. 

1  48 

6  40 

O  O 

7  0 

6  oS. 

I  I  40 

2  26 

5  40 

12  2  2 

13  20 

37  10S. 

13  20W 

24  0 

t6  20 

21  O 

18  40 

20  O 

18  40 

20  30 

25  3° 

20  40 

28  30 

3  50 

3°  35 

5  0 

3  5  43 

5°  53 

59  35 

Lat. 

Lon. 

Vari. 

d. 

d. 

d.  m. 

O 

40W 

3  3°E. 

sN 

5 

13  0  W 

5 

30 

1  30  w 

5 

35 

3°E. 

5 

40 

2  15 

5 

45 

4  0 

10  N 

50 

4  0 

15 

60 

5  0 

20 

73 

5  0 

25 

65 

2  15 

33  ■ 

84 

0  0 

.  o  *  - 

nation,  where  there 
has  been  no  change 
or  mutation  of  the 
Variation  for  many 
years. 

And  by  obfervati- 
ons  of  feveral  com¬ 
manders  of  fhips 
who  have  failed  in 
Hudfon's  Bay,  about 
lat.  60  deg.  N.  and 
Ion.  65  deg.  W. 
their  compafles  have 
whirled  about  in  a 


Grange  manner,  by  which  it  may  be  fup- 
pofed,  that  they  were  affefted  by  the 
magnetic  matter  in  that  part  of  the  Ray. 


Cape  Britton,  Well  End 

of  the  1.  of  Button 

60 

20  N 

64 

Cardinal’s  Ifies  - 

58 

50 

61 

St.  Peter’s  Haven  — 

56 

36 

59 

Gantin  Bay  - 

57 

10 

6l 

\  UK  !  H  AMERICA 


Si  -  T.  Smith’s  Sound 
Dtgg’s  or  Dudley’s  Cape 

Hackluit  I  (land  - 

Alderman  Jones’s  Sound 
James  Lar.caller's  Sound 
Baffin's-bay  J  'lres’s  lflc 
Pj'rtin’s-ftraits^u  -  b.  1  . 


La-. 

D.M. 

78  30  N 

76  50 

77  25 
7  7  3^ 

74  1° 


7 1  4° 

68  00 


I  .  . 
D.M. 
63  3o\ 
59  00 
59  3° 

89  00 

90  00 

5  7  3° 
62  10 


Hud  [on  s- Bay  ljlands. 


1.  of  Good  Fortu  c  — 

King  Cha  les’s  Cape  — 
At  the  Mouth  of  Hud 
fon’s  Straits. 

T.  of  Refolution  - 

Chid  ley  J.  - 

s.  C  I.of  Salilbiiry 
5  J  I.  of  Nottingham 
-  )  I .  of  Southampton 
•”  1.1.  of  Manfel 

Repulfe  Bay  - 

Cape  Dobbs  - 

Bowden’s  Inlet  — 
Marble  Ifland  - 


Prince  of  Wales’s  Fort 
Churchill  River 
York  Fort,  Nelfon  Riv 

Cane  Tatnam  - 

Cape  Henrietta  — 


65  00  N 
65  00 


6  r  40 
60  40 


63  30 
63  30 


63  33 

62  00 
67  j6 

^5  35 

64  30 

63  00 


58  48 

57  36 

58  00 
55  22 


6;  3o\ 
77  3° 


64  303 
63  3° 

76  47 

77  00 
82  30 

79  So 
84  40 
84  45 
94  eo 
9 1  45 


94  >2 
93  10 

91  OO 
83  CO 


Coaji  of  New-Britain. 
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Coaji  of  Hud  [on’s  Bay  &  Strait* 


Cape  Farewell  — 
Ann’s  Foreland 
Shark  Point 


Cape  Southampton 
Cape  Churchill 

The  Cubbs  - 

Albany  River - 

Charlton  I. 


Rupert’s  River  — 

Cape  Jones  - 

Mansfield’s  Ifle 


Cape  Walfingham 
Cape  Charles  — 


59  4°N 

44  3°' 

64  6 

74  40 

64  10 

82  15 

61  ss 

86  20 

59 

95  3° 

54  16 

82  35 

52  36 

85  20 

52  3 

80  j 

51  40 

78  50 

55  10 

79  0 

61  45 

So  30 

62  40 

78  0 

62  46 

74  15 

'  Nelfon  R.  runs  from  Winipigon  lak 
(Lat.  49  deg.  N  Lon.  132W.)  from  whic 
lake  there  is  a  large  river  which  runs  t 
the  Pacific  Ocean,  and  joins  it  in  Lat.  44b 
30m.  N.  Lon.  130  deg.  W. 


<  2g7  ) 


loajt  of  Carolina ,  Virginia, 

Maryland,  P  enji  Iva  nia ,  New- 
England,  and  Newfoundland. 


pe  Rrfy  - 

acentia  - - 

pe  Sc.  Mar  .- - 

pe  Race  - 

pe  Confo  —  ■ 

mifbourg  - 

.  John’s  Harbour 
.  John’s  Fore 
>nception  Bay 
-inity  Bay  Entrance 
pe  Bonaviita 
pe  St.  John  —  -  • 

11  Ifland  - 

y  of  Breft  - 

pe  Blanco  - 


Breton 


s  of  Monfac,  Nova 


lable 

Sable 

fax 


Cod  ■ 

Fork  -■  . . 

Ifland  — - — 

May  - 

Charles  . . 

Henry  - 

Hatteras 
telphia  Town 
Lookout  - 


;Town  on  Alhley 
r 

>yal  So.  Carolina 
St.  Auguftine 
miveral  Reefs 

irgo  - 

lorida  - 

rtugas,Southerm. 
— Northermoft 
ket,  W.  Key, 


pir'.Sanfto  Har 
n  E.  Florida 
d.  45m.  E.) 

ze  - . 

h’s  Point 
of  Sc.  Andrew’s 


Lat. 

Long. 

D. 

M. 

D 

M. 

47 

40  N 

57 

O 

47 

38 

52 

0 

46 

54 

52 

20 

46 

5° 

51 

O 

45 

17 

6 

3 

45 

54 

59 

55 

48 

O 

50 

15 

47 

32 

52 

43 

48 

24 

5° 

20 

48 

54 

5° 

30 

49 

34 

5° 

20 

5° 

24 

52 

45 

5i 

5° 

51 

30 

52 

IO 

52 

40 

47 

20 

7° 

O 

48 

47 

7 1 

»5 

46 

3  • 

58 

O 

45 

39 

6l 

20 

44 

*5 

59 

0 

43 

44 

65 

25 

44 

32 

63 

20 

42 

25 

70 

32 

42 

14 

69 

O 

40 

43 

74 

4 

41 

0 

73 

O 

39 

15 

74 

45 

37 

12 

76 

O 

3? 

O 

76 

23 

3  5 

IO 

76 

O 

43 

IO 

75 

4 

34 

25 

77 

O 

33 

49 

78 

O 

33 

21 

79 

48 

32 

20 

80 

25 

29 

52 

80 

34 

28 

l6 

80 

45 

25 

O 

81 

43 

25 

7 

81 

25 

24 

24 

33 

3« 

85 

xo 

24 

36 

84 

24 

27 

40  . 

83 

49 

29 

41 

86 

25 

29 

55 

85 

28 

30 

8 

86 

45 

The  Clifts  2  miles  \V. 
of  it* 

Cape  St.  George - 

Penfacola  Town  - 

Penfacola  Bar  - 


Lat. 

D.M. 


29  37N 

30  29 
30  19 


Long. 

D.M. 


86  7W 
88  22 
88  .257 


toajl  of  Carolina,  &c. 


Rofe  Hi  and  Weft  end 


Dauphin  Ifland 
Ship  Ifland  Bay 
New  Orleans 
Entrance  of  theMifliflipi 
Candlemas Ifles  orClian- 
dineers  the  N.  part 
of  the  Northermoft 
Jucola  Bay 


Bay  of  St.  Bernard 
Port  Blanche  in  the  Ifle 

of  Labos  - 

Mexico  City  - 

La  Vera  Cruz  - - 


1 3° 

20  N 

88 

5W 

[30 

10 

8? 

37 

29 

4* 

87 

54 

3° 

3° 

88 

20 

29 

58 

89 

55 

29 

10 

89 

32 

3° 

2 

89 

6 

29 

18 

94 

15 

28 

*5 

. 

95 

45 

21 

48 

97 

16 

20 

O 

IOO 

35 

19 

5 

98 

3° 

Campeche  Bay. 


Point  St.  Martin 
Tabafcollle,  N.  Point 
Bay  of  Port  Sumacenta 
River  Lagarto’s  Mouth 
Mulketo  Shore  from  C. 
Catoche  to  Cape  3 
Points  in  the  Gulph 
of  Honduras 
Cape  Bafar,  Afcen.  Bay 
Cape  Honduras 


Coaft  of  Hondures 
Cape  Comaron 
Santa  Morfac 
C.  Gracios  a  Deos  var. 

1 1 d.  16m.  e 
Porto  Bello*  (var.  gd. 
4Sm.  e)  - - 


18 

30N 

96 

00  w 

18 

OO 

92 

36 

17 

So 

9 1 

45 

21 

15 

88 

15 

17 

39 

87 

00 

16 

06 

89 

36 

1 7 

39 

88 

30 

l6 

06 

85 

34 

l6 

04 

8  4, 

00 

IO 

57 

83 

12 

15 

04 

82 

00 

9 

33 

78 

52 

*  There  is  a  large  fqtiare  grove,  at  the 
foot  of  which  is  a  low  red  bank,  4  leagues 
W.  of  St.  Andrew’s  Bay,  and  12  Leagues 
Eaft  of  Rofe  Ifland. 

f  The  Ifthmus  of  Darien  which  joins 
N.  andS.  America,  is  70  miles  wide  from 
Panama  to  Porto  Bello. 
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Bahama  IJlands. 


N.  part  Bahama  Bank 

Bahama  Ifiand  - 

Abacco,  South  Point 

Harbour  Ifiand  - 

Andrafs,  North  Point 
Providence  - 


Illathera,  South  Point 
C  t  Ifiand,  South  Point 

Rum  Rey  - 

Ex uma  - 


Crooked  1(1.  N.  Point 
Atkin’s  Key 


Meraparvouz  River 

Atwood’s  Key - 

French  Key  - 

Hogflies  - 

Heneago 


Caico’s  Bank,N.  Point, 
Turk’s  Ifiand  — 


Abrolho,  North  Point 
Plate  Wrack  River 


Lat. 
D.M. 
27  45 
26  42 
26  1 5 
25  20 
25  03 
24  50 
24  55 
24  00 
23  00 
23  25 
22  46 
22  06 
22  00 

21  22 

22  30 
21  40 
21  07 

>|2«  53 
21  4j 
21  34 
20  04 


N 


III 


Long. 

d.m. 

79  4ow 

79  10 

78  50 

37 

79  40 

1 7 3  08 
76  45 

76  00 

74  20 

75  34 
73  5° 

73  45 

74  10 

72  4° 

73  40 
73  1 5 
73  00 

71  50 
70  30 
69  40 
68  40 


Caribbee  Ifiand s. 


Anguilla 
St.  Martin’s 


St.  Bartholomew’s 
Barbuda  - 


St.  Cnrirtopher’s - 

Nevis - 

Antis 


11a 

Monferat 

Guardalupe 


Marigallalte 
Dominico 
Martinico 
St.  Lucia 
St.  Vincent 


Barbadoes,  Bridge-To. 

Willoughby  For: - 

Granada  - 

Trinidada  - 


Virgin  Gorda  Fort  ■ 

Virgin’s  I.  - 

St.  Cruz  - 

Bieque 


■  Porto  Rico  • 


St.  John’s 


1815: 
18  05 

17  52 

18  05 
17  15 
16  5s 
16  56 
16  36 
16  20 
1 6  o 

1 5  >5 
14  44 
13  45 
13  10 
5 


11  52 
10  38 
18  18 
18  28 


17  55 

18  o 


59 


oW 

3° 

35 

35 

5° 

40 

50 

12 

25 

o 

10 

57 

10 

o 

45 


61  40 
60  30 

63  5° 

64  40 

65  o 

65  5° 


The  Latitudes  and  Longitudes 
of  Places  in  the  W  E  S  T 
INDIES,  as  determined 
by  Capt.  Karnaby,  Com¬ 
mander  of  the  'Zephyr  Sloop 
of  /Tar,  in  the  Tears  1771, 
1772,  and  by  Celes¬ 
tial  Observations. 


18  30  N  67  10W 


Bridge  Town,  Barbadoes 
North  Part  of  ditto 
Tobago  N.  E-  Part 
Curaffb,  E.  end 


Sugarloaf  Hill  in  the 
Ifle  of  Auruba  (var. 
8  deg.  5  min.  E.) 
Bermuda  S.  Point  (war. 
4  deg.  30  min.  W.) 

San  Domingo  - 

Altavella 


CapeFrancis,Hifpanioh 
Sam  Bay  do. 

Port  au  Prince  (var.  8 
deg.  E) 


Port  Piment,  Hifpaniola 
Plat  Form, do. 

Ifle  of  Afh,  S.  W.  part 
Port  Louis  Hifpaniola 
N.  E.  End  of  Jamaica 
Eaftermofl  part  of  ditto 
Port  Roal,  ditto,  (var, 
6deg.  30  min.  E.) 
Morant  Keys,  ditto 
S.E  part  of  Port  Morant 
Formagos 


Cape  Mays,  E.  end  of 
Cuba  - 


Cape  Antony,  W.  End 
of  ditto  ■  — 


Cape  Catoche  Jucaton, 

New  Spain  - 

Havanna  in  the  I  of  Cu- 
I  ba,  (var.  4  deg.  E) 

St.  Jago,  _  - 

Ifle  of  Pines,  S.  \V. 
Point  ■ 


Pine’s  Bay,  (var.  6  deg. 
24  min.  E.  — 


Lat. 

D.M. 

13  8  N 

>3  34 

11  21 

12  12 


12  33 


18  18 

18  8 

19  36 
18  4 
18  19 
18  25 
18  2 


17  53 
17  29 

17  54 

18  24 


20  15 

21  50 
21  34 


23  12 
20  3 


Long. 

D.M. 

59  SOW 
bo  o 
be  I  5 
61  30 


34  *4 
18  25 

17  28 

'9  59 

18  4 


21  32 
21  44 


70 


64  4S 
69  29 
7.  » 
7i  3S 
7«  55 


72  15 

73  4* 

72  58 

73  8 
73  o 
75  49 
75  4° 


76  36 

75  27 

76  2 
76  30 


74  50 
85  o 
87  o 


81  41 

75  51 


82  45 
8  J  30 


■■  "■  * 
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Obfc 


ervatiom  by  Cafit. 
naby,  &c. 


Bar- 


Coaji  of  Brazil',  Paragua ,  and 
Patagonia. 


Lat. 

Long. 

owlandinl.ofPines* 

D.M. 

D.M. 

which  LdueS.from  j 

the  middiemoft  of  > 

21  29  N 

83  30W 

the  three  high  J 

Hummocks 

diddle  high  Hummock 

2 1  46 

**3  30 

oint  Irois  - 

18  28 

74  17 

fie  of  Navafa  - 

18  26 

74  36 

ape  Donna  Maria 

18  45 

74  14 

!ape  Tiberoon  — 

18  22 

74  7 

oint  Dabacou  - 

1 9  57 

73  10 

dole  Head  — — 

■9  47 

73  11 

ape  Nicholas  - 

19  43 

73  10 

.  Gonave,  S.  Point  of 

W.  part  ■■ 

18  51 

72  33 

ofTatuga,  \NE.part 

20  10 

7i  59 

orTartudas  j  W.  part 

20  12 

72  23 

.  Mayaguana,  E.  end 

22  29 

72  30  . 

Catling  I.  North  part 

24  IO 

76  0 

7ey  Sal  ■  ■■  ■  - 

23  45 

80  43 

SOUTH  AMERICA. 

arthagena  (var.  8  de.E) 

10  26N 

752  5W 

ape  Aguia  ■  ■  — 

11  32 

73  10 

t.  Martha  ■'  ■ 

II  22 

74  00 

ape  de  la  Velle 

12  18 

7i  45 

12  45 

69  52 

.  Curacoa  — 

12  12 

69  06 

.  Blanche  ■  — 

12  15 

0%  15 

oaft  of  Comana  C.  3  P 

11  15 

62  44 

Dragon  Entrance  — 

II  10 

62  IS 

lulph  of  Paria,  Trinity 

I.  or  Trinidada 

10  30 

61  30 

douth  of  River  Oronoco 

8  30 

60  30 

Coaft  of  Guiana. 

urinam  ■  ■■■— 

6  00N 

55  50W 

^eyenne  ■  — 

4  56 

52  IO 

lape  Orange  1 

4  10 

51  °5 

4orth  Cape  - 

1  40 

50  IO 

Vlouth  of  R.  Amazons 

0  40 

48  to 

I.  Ferdinando  Loronho 

Cape  Roque  - 

Cape  Sr.  Augulfine  — 
River  St.  Francifco  — 
Bay  of  Todos  Sanftos 
Port  Segura  — 

SpiritoSanfto  — 

Rio  Janero  — — 

Cape  Frio  — — 

St.  Catherine’s  — 

F  iver  Grand  — - 

Cape  Mary  - 

River  Plate  - 

Cape  Matas  — — 

Cape  Blanco  near  River 

I  Camaroons  - 

Port  Defire,  to  make  i t  "1 
with  Steeple  Rock  > 
on  the  S.  fide  of  it  J 
Pepys  Ifie could  not  be 
found  by  Com. Byron 

River  Julian  -  - - 

Cape  Virgin  Mary - 

Straits  of  Magell.  entr. 
Staten  Illand 


Coaft  of  Wild  Brazil. 


land  St.  Juan  - 

louth  of  River  Omara 


1  20  S 
5  00 


45  00W 
34  Si 


*  Which  is  the  Southermoft  Part  of  the 
[fie  of  Pines. 


Straits  le  Maire  is  be¬ 
tween  Staten  i,  and  Ter  - 

ra  del  Fttego 
Falkland  Illand  — — 

T erra  del  F uego , or  the 
Land  of  Fire,  (S. 
Point  of  C.  Horn 
Barneveld’s  Illand  — 
Cape  Noir  was  made  hy 
C.  Anfon,  when  he 
expefted  tobe 7d.  30m 
W.  from  it  • 


} 


Lat. 

D.M. 

3  4* 

5  00 
8  50 
10  55 
13  °5  . 
1 7  00 
20  20 

22  54 

23  00 
27  46 

32  00 

35  00 

36  00 
45  00 

47  GO 
47  3° 


47  20 

48  45 
52  21 
52  50 
54  3° 


51  30 

55  So 

56  50 

54  3° 


Long. 

D.M. 

30  50W 
35  45 

35  10 

36  40 

39  00 

40  00 
40  00 
42  40 
40  20 
38  00 
50  40 
1 5  22 


4° 


64  20 
64  00 
64  40 


66  40 
65  00 

71  44 

72  35 
69  00 


60  00 

73  40 
73  00 

78  40 


The  Weft  ern  Coaft  of  Patagonia, 
Chili ,  &c. 


Cape  Difeada  and  the 
Twelve  Apoftles 
W.  entr.MagellanStraits 
The  Four  Evangelifts  off 

Cape  Viftory  - 

Cape  St.  Catalina  — — 
Com.  Anfon’s  Watering 
Harbour  — ■ 

Baldiva  ■  —  — — 


53 

10  S 

T9 

SOW 

53 

00 

79 

OO 

52 

20 

80 

3° 

Si 

33 

80 

20 

46 

00 

77 

45 

40 

00 

76 

00 

O  o 
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The  Wejiern  Coaji  of,  (5  c. 


*1  V  p 

Chiloe  Ifland  j  j  '  y  ' 

Conception  - 

Coquimbo  - 

Lima  — ! - 

Guayaquil  ■■ 

C.  Lorenzo  - - 

Quito  -  — 

Bonaventura  Bay 

C.  Francis  - 

Panama  Bay  - - 

C.  Blanco  - 

Lucre  — . - 

Acapulca  - - 

Zacatula  - - 

C.  Coriantes  — 

New  Year’s  Haven 
Drake’s  Harbor 
Weft  River  Entrance 


Lat.  S. 
D.M. 
41  45  T 
43  5 oj 
36  43 
29  54 

X 

1 1 

2 


*3 
18  N 


12 

2 
1 
o 

3 

o  30 

8  45 

9  42 
23  15 

16  44 
17 10 
20 1  i 

37  30 

38  45 
44  3° 


Long.W 

D.M. 

75  ° 
72  40 
71  16 

76  49 


81  11 
80  17 

7  7  55 
76  50 
8°  33 
79  55 
85  55 
111  30 
102  30 
ip  j  o 

108  o 
125  10 
128  35 
I  31  o 


The  Coaji  of  the  Main  Continent 
in  the  Eaft  Indies. 


Cape  of  Good  Hope 
Cape  Falfe  or  Hang  Lip 
Cape  Aiguilles 
Bay  of  Lagoa 
Cape  Natal  — 

R.  St.  Lucie  - 

Bay  of  Holy  Spirits,  or 
Laurens  Marquez 
Cape  Corientes 
R.  de  Cuama  — 
Mozambique 
Cape  Delgada 

Zanzibar  - 

Mombaza  - 

Pate  I.  - - 

Magadoxo  - 

Cape  Bafs,or  Baxos 
Cape  Gardafoy 


Cape  Arden 


traits  Babelmandel 
Mocha  in  the  Red  Sea 
Cape  Rofalgate 
Gulph  of  Ormus 
Cape  Mozandon 
Diu  Head  — 

Suiat  -  ■ . 

Cambya  Bay  - 

Bombay  - 

Cochin  - 

Cape  Compren  


34  29  S 

18  23E. 

34  34 

19  15 

34  48 

20  22 

33  25 

25  53 

31  50 

26  0 

28  20 

3°  5° 

25  5° 

3i  56 

24  8 

34  49 

18  45 

38  7 

>5  4 

41  40 

to  8 

41  IS 

6  55 

42  10 

3  50 

41  30 

1  0 

41  52 

2  53N45  25 

4  6 

47  8 

1 1  48 

52  20 

1*  55 

45  35 

12  50 

43  5° 

>3  45 

44  4 

22  46 

58  50 

27  30 

55  17 

26  6 

56  35 

21  37 

70  28 

15  31 

73  50 

21  10 

72  25 

22  10 

7°  5 

19  42 

73  3 

9  50 

'6  5 

78  17 

Pondicherry 
Fort  St.  George,  or  Ma- 
drafs  ■ 

Mafulipatan  — 

C.  Palmiras  - 

Calcutta  ■  ■ 

Balafore  ■  ■ 

Achen  — 

Chandernagore  — 

Malacca  - 


Siam  River  Entrance 
R.  Camboida  — — 

Tonquin  — 

Canton  . 

Macao  • 

Ningpo  - 

Nankin  —  —  — 

Nangafack  - 

ekin  • 


St.  Paul  - 

Bourbon  - 

St.  Joan  de  Liibon 
Diego  Rois  — 

Brandon  ■ 

Mauritius  - 

Madagafcar,  St.  Maria 
St.  Scbaliian,  ditto 

Moelia  - 

St.  Chriftova  - 

Ifles  of  Camora  So.  P. 

Aftova  - . 

St.  Juan  de  Nova 
Baxos  — ■  1. 

Admiralty  Ifles 

Agalega  - 

Zenzebar  _ 

-'emba  —  . 

Lamo  — ■  ■  . 

Mayetto  - 

Marfia  ■■ 


Quevelo,  or  Quebello 
Balias  de  Banhas 
St.  Francifco 
Ifland  Gratio 
Three  Germans 
Crofs  Ifland 
Sacatora 
Ifles  Maldives 
Ditto  South 
Ifland  Abdeleur 
Cylone  Cape  Gallo 
Andaman  the  Middle 
Nicobar  N.  6.  P. 
N.-W.  end  of  Sumatra 


Lat. 

Lon 

D. 

Nl. 

D.M. 

1  I 

56  N 

79 

27 

>3 

13 

80 

2 

l6 

28 

81 

40 

20 

40 

87 

35 

22 

30 

88 

26 

21 

20 

86 

0 

5 

15 

95 

55 

22 

s' 

88 

29 

2 

12 

102 

10 

14 

1 8 

IOO 

55 

10 

35 

104 

45 

20 

50 

105 

55 

23 

8 

1 1 3 

8 

22 

'3 

113 

51 

3° 

O 

120 

50 

32 

7 

ns 

3$ 

32 

45 

128 

5° 

39 

54 

1 1 6 

28 

'.ajt  Indies 

38 

20  S. 

75  2 

iF- 

20  (2 
25  24 

19  JO 

16  38 

20  10 
25  24 

12  30 

13  40 

17  36 
I  I  40 
10  22 
IO  O 

4 

6 

10  15 
6  55 

5  38 

2  30 
12  S3 

8  37 

3  S3 


12 

o 


o 

23 

10 
20 
10 
12  I  J  N 
7  20 

O  20 

11  55 
16  1  5 

12  35 
7  22 
5  22 


55  3° 
53  33 

61  30 
64  30 

57  33 
45  53 
49  *3 
45  o 

45  0 
44  46 
53  25 

52  40 

47  7 

53  5° 

54  46 

40  10 
40  9 

40  3° 

46  10 
40  40 

52  36 
8 
o 

*3  1 

62  43 

58  5 

52  55 
73  3 

76  10 
Si  45 
80  20 

93  19 

94  4° 

95  55 


48 

59 
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IJlands  in  the  Eaji  Indies. 


Xat. 

D.M. 

Long. 
DM.  E. 

Lat.N 

D.M. 

Long.E. 

D.M. 

S.  E.  End  of  Sumatra 

5  Z2  N 

i°5  5° 

Formofa  S.  P. 

22  O 

120  40 

Batavia  in  Java 

6  16 

106  15 

Ditto  N.  P.  ■  ~ 

21  25 

121  25 

6  is 

106  25 

Lekeys  S.  P. 

26  3 

127  30 

Pulo  Candor  ■■  — 

8  40 

107  20 

Tandoxima  — « 

30  30 

130  40 

P.  Borneo  N.  P. 

7  0 

113  »5 

Straits  Diemen 

31  12 

130  55 

Ditto  S.  P.  . 

4  32S. 
4  0 

”3  45 
102  S5 

I.  Japan  S.  W.  P.  j 

N.  E.P. 

31  30 

40  40 

126  10 
141  25 

Manila  ■  - 

„  .  f  N.  E.  P. 

Hainam  *^StW>P. 

14  30N 

19  45 

18  22 

120  25 
no  13 
108  13 

Liquio,  Kelon 

28  0 

127  30 

Befides  the  Times  of  High-Water  in  the  preceding  Table,  the  following  Times 
rerve  for  Coafts  of  confiderable  Extent,  and  will  nearly  ferve  for  the  Places  on  thole 

Coafts.  , 

Finmark,  or  N.  N.  W.  Coaft  of  Lapland,  ih.  30m.  Jutland  Illes  oh.  om. 

Friefland  Coaft  7I1.  30m.  Zeland  Coaft  ih.  30m. 

Flanders  Coaft  oh.  om.  Picardy  and  Normandy  Coafts  loh.  30m. 

Bifcay,  Gallician,  and  Portugal  Coafts  3ft.  10m. 

Iriflr  W.  Coaft  3h.  om.  Irilh  S.  Coaft  jh.  1 5m. 

Africa  W.  Coaft  3h.  om.  America  W.  Coaft  3I1.  ora. 

America  E.  Coaft  4h.  30m. 


Latitudes  and  Longitudes  of  fome  Places  determined  by  the  late 


3atavia 
-adiz 
'ajanebourg 
Cambridge 
Fort  Churchill 
^ape  Francois 
Gibraltar 
Jrypfwald 
Surjef 


iape  Hinlopen 
fakutlkoi 
it.  Jofeph 
tola 
Mexico 
'Joriton 
'.orth  Cape 
Orenburg 
&rik  — — 

[lie  Otahite 
Pekin 
Peterlburg 
Ponoi 

Philadelphia 
Quebec 
Fort  Royal 


Tranlit  of  Venus. 

Lat. 

Long. 

D.  M 

S. 

D. 

M. 

S.  , 

Ille  Java  ■  — — 

6  12 

oS. 

106 

43 

oE; 

36  31 

0  N 

6 

12 

oW 

Finland  ■  ■■ 

64  1 

30 

27 

50  45E. 

New  England  ■  ■ 

42  25 

O 

7 1 

IO 

oW. 

*  58  47 

30 

94 

7 

O 

19  57 

O 

72 

IO 

O 

36  5 

O 

4 

46 

O 

Pomerania  ■  ■— 

54  4 

20 

13 

21 

oE. 

Aftracan  •  ■  ■■  - 

47  7 

O 

52 

7 

0 

Maryland  ■ 

38  47  3° 

75 

3 

oW 

Siberia  • 

62  2 

O 

129 

52 

oE. 

California  *  1  ■■ 

23  3 

3° 

IO9 

35 

oW 

68  52 

30 

33 

8 

oE. 

New  Spain  ■—  — 

*9  54 

O 

100 

S 

oW 

Penfylvania  •  ■  ■ 

40  IO 

O 

75 

17 

30 

Lapland  ■  - 

71  IO 

O 

26 

5 

oE. 

Aftracan  — - 

51  46 

O 

55 

14 

O 

51  12 

30 

58 

32 

30 

South  Seas 

17  29 

oS. 

149 

22 

oW 

China  ■■ 

39  55 

oN 

I  l6 

31 

oE. 

59  56 

O 

3° 

28 

O 

68  52 

30 

33 

8 

O 

39  57 

O 

75 

13 

oW 

48  47 

3<J 

7 1 

12 

3° 

Ilie  Martinique  i.  ■  ■  ■■ 

14  36 

0 

6l 

>5 

O 

Stockholm 

( 
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Stockholm 

t'n.ba 

L'pfai 

Pans 

Gnttengerr 

Vienna 

Alexandria 

Be  Iona 

Dronthem 

Formca 

Madrid 

Leydcti 

Madrafs 


Lit. 

Long, 

D.  M 

S. 

D. 

M. 

s. 

Sweden  •— . 

-  59  20 

30  N 

it 

8 

ol 

Ruffia  - 

C6  39 

45 

34 

15 

0 

Sweden  — 

-  59  S2 

O 

>7 

43 

O 

France  — 

48  50 

O 

2 

2  5 

O 

Germany 

—  -  5I  32 

O 

9 

59 

O 

Ditto  . 

-  48  12 

30 

16 

27 

O 

Egypt  - 

-  31  II 

20 

30 

22 

O 

Italy  -  -  ... 

44  29 

30 

1 1 

20 

O 

Norway  — 

-  63  26 

O 

1 1 

C 

O 

Finland  - 

-  65  51 

O 

26 

16 

O 

Spain  —  ■■ 

-  40  26 

O 

3 

16 

oV 

Holland 

52  9 

O 

4 

31 

oE 

India  — 

—  13  18 

O 

80 

2 

O 

Whoever  will  compare  thefe  Tables  with  tliofe  in  common  Books,  will  find  that 
have  not  contented  myfelf  with  copying  from  any  Book,  but  have  been  at  fome  Pain 
to  collect  from  the  belt  Charts,  and  correcting  them  by  the  belt  Obfcrvations  I  coub 
procure. 

It  is  common  to  hear  Mailers  of  Ships  complaining  of  the  inaccuracy  of  theTables 
of  the  Flowing  of  the  Tides,  and  the  Latitudes  and  Longitudes  of  Places  in  Book 
of  Navigation  ;  but  the  Fault  does  not  feem  to  be  fo  much  in  the  Authors  as  in  th 
Matters  themfelyes  ;  for  i f  they  will  not  communicate  their  Obfervations,  it  is  im 
pofiihle  the  Tables  Ihould  be  correft.  I  can  only  fay,  that  if  they  will  communi 
caie  their  correct  Obfervations  of  Latitude  and  Longitude,  £cc.  to  the  Publifher  (Pol 
paid)  I  will  make  the  belt  of  them  I  can  for  their  Benefit. 


The  Longitudes  of  many  places  have  hitherto  been  but  very  indifferentl- 
afeertained,  owing  to  the  Want  of  the  Method  of  determining  them  by  Celeltia 
Ohfervation,  and  the  uncertainty  of  that  Method  commonly  ufed  in  meafuring  th. 
Ship’s  Way  :  The  firlt  of  thefe  Difficulties  is  here  removed  by  the  New  Methot 
of  determining  the  Longitude  by  the  Moon’s  Diltance  from  the  Sun,  or  a  fixec 
Star;  and  the  Latter,  by  the  Invention  of  Mr.  Foxon,  of  Deptford,  who  ha 
invented  a  Log  that  will  (as  Mailers  of  Ships  have  informed  me)  give  the  Ship’ 
Run  for  any  determined  Time  with  great  Accuracy,  and  without  being  liable  ti 
thofe  Inconveniencjcs  attending  the  common  Log. 

Since  Navigation  is  become  of  fuch  Importance  to  this  Nation,  fereral  Perfon 
have  endeavoured  to  recommend  themfelves  to  the  Public,  by  inventing  fotnethinj 
fubfervient  to  it  ;  among  which,  I  think,  my  Friend,  Mr.  Moore’s  Wiadlal: 
rieferves  Notice.  This  Ample  Machine  is  nothing  more  than  a  round  Plate  ol 
Iron,  with  Notches  in  it,  fixed  at  one  or  both  Ends  of  the  common  Windlafs;  anc 
by  Means  of  two  long  Leavers,  or  Palls,  and  a  Piece  of  Iron  tofecure  their  Purchafe 
two  Men  may  heave  up  the  Anchor  of  a  Ship  of  confideranle  Burthen  without  Ihifiing 
the  Bars.  If  our  Navigators  would  be  thus  influenced  by  fo  laudable  an  Ambition, 
m  making  correct  Obfervations,  we  Ihould  foon  have  Navigation  and  Geography 
brought  to  a  much  greater  Degree  of  Perfection  than  they  now  are. 
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M 

od. 

I  cl. 

2d. 

I'd  * 

4  d. 

5  d. 

6  d.  [7  d . 

8  d. 

0  d. 

lod. 

.  d 

i2d. 

13d. 

787 

78S 

789 

79° 

79' 

792 

793 

794 

795 

796 

M 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

0 

1 

2 

3 

4 

'  5 
6 

7 

8 

9 

0 

2 

3 

4 

5 

6 

7 

8 

9 

60 

61 

62 

63 

64 

65 

66 

67 

68 
69 

120 

12  I 

122 

*23 

124 

125 

126 

127 

128 

129 

180 

18 1 

182 

183 

184 

185 

186 

187 

188 

189 

240 

241 

242 

,  =  43 

24^ 

245 

246 

24/ 

248 

249 

300 

301 

3°  = 
3°3 

304 

305 

306 

3°7 

308 

309 

361 

S’  0  A 

363 

364 

365 

366 

367 

368 

369 
37° 

422 

423 

424 

425 

426 

427 

428 

429 

43° 

483 

484 

485 

486 

487 

488 

489 
49° 
40  1 

542 

543 

544 

545 
54* 

547 

548 

549 
55° 
351 

6° . 

604 

605 
hot 

607 

608 

609 
61c 
611 
*12 

66  r 

66O 

667 

668 

669 

670 

671 

672 
^73 

725 

726 

727 

728 

.  729 

73° 

731 

732 

733 
73  5 

10 

1 1 

12 

*3 

14 

15 

1 6 

17 

18 

'9 

10 

1  ] 

12 

13 
M 

15 

1 6 

17 

18 

19 

7° 

7 1 

72 

73 

74 

75 
7t 

77 

78 

79 

130 

131 

132 

133 

134 

1 35 

*36 

137 

138 

139 

190 

191 

192 
'93 

194 

1 9  5 
196 

*97 

198 

1 99 

250 

251 

252 

253 

254 

255 

256 

257 

258 

259 

310 

3" 

312 

3 T? 
3'4 
3  5 
316 

3'7 
318 
3  1 9 

371 

372 

373 

374 

375 

376 

377 

378 

379 

380 

43' 

432 

433 

434 

435 

436 

437 

438 

439 
44° 

492 

493 

494 

495 

496 

497 

498 

499 

500 

1  <01 

552 

553 

554 

555 

556 

557 

558 

559 

560 

561 

613 

614 

615 

616 

617 

618 

619 

620 

621 

622 

674 

675 

676 

677 

678 

679 

680 

68 1 

682 

683 

736 

73; 

738 

739 

740 

74' 

742 

743 

744 

745 

797 

798 

799 

800 

801 

802 

803 

804 

805 

806 

10 

11 

12 

'3 

H 

'5 

l6 

'7 

18 

IQ 

20 

21 

22 

23 

24 
2  5 

26 

27 

28 

29 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

80 

81 

82 

83 

84 

85 

86 
8? 
88 
89 

140 

141 

142 

143 

144 

145 

146 

'47 

148 

149 

200 

201 

202 

203 

204 

205 

206 

207 

208 
2oq 

260 

261 

262 

263 

264 

265 

266 

267 

268 

269 

320 

321 

322 

323 

324 

325 

326 

327 

328 

329 

381 

382 

383 

384 

385 

386 

387 

388 

389 

39° 

44' 

442 

443 

444 

445 

446 

447 

448 

449 
45° 

502 

5°3 

504 

505 

506 

507 

508 

509 

510 

511 

562 

563 

564 

566 

567 
368 
569 
57° 
57' 

572 

623 

624 

625 

626 

627 

628 

629 

630 

632 

633 

684 

685 

686 
688 
689 

690 

691 

692 

693 

694 

746 

747 

748 

749 
7  JO 

75' 

752 

753 

754 

755 

807 

808 

809 

810 

811 

812 

813 

814 

816 

817 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

3 1 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

4  7 

48 

49 

30 

3 1 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

49 

90 

9* 

92 

93 

94 

95 

96 

97 

98 

99 

150 

151 

152 

'53 

'54 

'55 

156 

'57 

158 

'59 

210 

21  I 

212 

213 

214 

215 

216 
217 

218 

219 

270 

271 

272 

273 

274 

275 

276 

277 

278 

279 

33° 

332 

333 

334 

335 

336 

337 

338 

339 

340 

391 

392 

393 

394 

395 

396 

397 

398 

399 

400 

45' 

452 

453 

454 

455 

456 

457 

458 

459 

460 

5'2 

5'3 

5'4 

5'5 

516 

5'7 

S'8 

5'9 

5*o 

521 

573 

574 

575 
57« 

577 

578 

579 

580 

581 

582 

634 

635 

636 

637 

638 

639 

640 

641 

642 

643 

695 

696 

697 

698 

699 

700 

701 

702 

7°3 

704 

756 

757 

758 

759 

760 

761 

762 

763 

764 

765 

818 

819 

820 

821 

822 

823 

824 

825 

826 

827 

3° 

3' 

32 

33 

34 

35 

36 

37 

38 

39 

IOO 

iox 

102 

103 

104 

105 

106 
10'/ 

108 

109 

160 

161 

162 
Jf3 

164 

165 

166 

167 

168 

169 

220 

221 

222 

223 

224 

225 
226 

227 

228 
229 

280 

281 

282 

283 

284 

285 

286 

287 

288 

289 

341 

342 

343 

344 

345 

346 

347 

348 

349 
35° 

401 
■  402 
4°3 

404 

405 

406 

407 

408 

409 
41a 

461 

462 

463 

464 

465 

466 

467 

468 

469 
47° 

522 

523 

524 

525 

526 

527 

528 

529 
53° 
53' 

583 

584 

585 

586 

587 

588 

589 
59° 
59' 
592 

644 

645 

646 

647 

648 

649 

650 

651 

652 

653 

70s 

706 

707 

708 

709 

710 

711 

712 
7'3 
7'4 

766 

067 

768 

769 
77° 
77' 

772 

773 

774 

775 

828 

829 

830 

831 

832 

833 

834 

82s 

836 

837 

40 

4' 

42 

43 

44 

45 

46 

47 

48 

49 

5° 

51 

52 

53 

54 

5  5 
>6 

57 

58 

5  6 

5° 

51 

52 

53 

54 

55 

56 

57 

58 

59 

1 10 

1 1 1 

I  12 

H3 

H4 

H5 

1 1 6 

1 1 7 

i*8 

i'9 

170 

171 

172 

'73 

'74 

'75 

176 

'77 
*  78 

'79 

230 

231 

232 

233 

234 

235 

236 

237 

238 

239 

290 

291 

292 

293 

294 

295 

296 

297 

298 

299 

35' 

352 

353 

354 

355 

356 

357 

358 

359 

360 

41 1 

412 

413 
4H 
4'5 
416 

4'7 

418 

419 

420 

47' 

472 

473 

474 

475 

477 

478 

479 

480 

481 

532 

533 

534 

535 

536 

537 

538 

539 
54° 
54' 

593 

594 

595 

596 

597 

598 

599 

600 

601 

602 

654 

655 

656 

657 

658 

659 

660 

661 

662 

663 

7'5 

716 

7'7 

718 

719 

720 

721 

722 

723 

724 

776 

777 

779 

780 

781 

782 

783 

784 

785 

786 

838 

839 

840 

841 

842 

843 

844 

845 

846 

847 

50 

5' 

52 

53 

54 

55 

56 

57 

58 

59 
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14 1 

5d. 

i6d* 

i,rt. 

1 8d. 

1  9<i. 

20d. 

2  1  d. 

-2d. 

2  10.(4  +  cl. 

25d. 

/6d. 

j  Z7d; 

HVJ 

O 

*4‘ 

91c 

973 

•'->35 

:o98 
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The  Ufc  of  the  Talk  of  the 
Meridional  Parts. 

IN  this  Table  the  firft  and  la  ft 
Column  of  every  Page  marked 
M,  beginning  at  o,  and  ending  at 
59,.  contain  the  Minutes  anfvvering 
to  every  Degree  of  Latitude,  the 
other  Columns  marked  id,  2d,  &c. 
contain  the  Meridional  Parts,  an- 
fwering  to  the  Degree  of  Latitude 
they  ftand  under. 

So  that  if  you  would  find  the 
Meridional  Parts  anfvvering  to  any 
Latitude,  fuppofe  for  Example, 
the  Latitude  (i.  3 2,  look  in. the 
Column  under  5  id.  and  right 
againfl:  32  (in  the  Column  for  Mi¬ 
nutes)  you  find  20,  to  which  prefix 
36,  the  two  Figures  in  the  fame 
Column  that  ftands  above  20  to¬ 
wards  the  Left  hand,  and  it  makes 
3620,  the  Meridional  Parts  re¬ 
quired. 

Two  Latitudes  leing  given,  to  find 
the  Meridional  Difference  of  La¬ 
titude. 

Cafe  1 ft,  If  both  Latitudes  be 
North  or  both  South,  fubtrail  the 
Meridional  Parts  of  the  Lefler, 
from  the  Meridional  Parts  of  the 
Greater,  the  Remainder  will  be 
the  Meridional  Difference  of  La¬ 
titude.  . 

Cafe  2d,  If  one  Latitude  be 
North  and  the  other  South,  then 
add  their  Meridional  Parts  toge¬ 
ther,  and  the  Sum  will  be  the 
Meridional  Difference  of  Latitude, 
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(  702  ) 


A  I'aele  of  the  Sun’s  Right  Ascension. 


nays 
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Feb. 

Mar. 
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Aug. 
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Nov. 

Dec. 
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South 
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North 
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.  This  Table  is  fuffieiently  exaft  fir  finding,  when  any  Star  comes  to  the  Meridian 
in  order  to  obtain  the  Latitude  ;  but  in  all  Calculations  for  determining  the  Longitude 
by  Ceieftial  O  Nervations,  the  Sun’s  Right  Afcenlion  and  Declination  mu  ft  be  taken  out 
rf  the  Nautical  Almanac,  as  they  are  there  calculated  to  a  g  eater  Decree  of  Ac¬ 
curacy,  ° 


(  3°3  ) 


A  Table  of  the  Right  Afcenfion  and  Declination  of  fome 
of  the  principal  fixed  Stars  adapted  to  the  Year  1 775, 
with  their  Annual  Variation, 


Names  of  the  Stars. 

Algenib,  in  the  Wing  of  Pegafus  - - 

Schedar,  in  the  Bread  of  Caffiopex  — 

Pole  Star,  in  the  Tail  of  the  Little  Bear 
Achenar,  the  Spring  of  the  River  Eridamus 
Almaar.k,  in  the  Left  Foot  of  Andromeda 

Argol,  in  the  Head  of  Medufa  - 

Pleiades,  vulgo  7  Stars,  in  the  Neck  of  the  \ 

Bull  ■  -  — 1  J 

Aldebaran,  South  Eye  of  the  Bull  — 
Capclla,  in  the  Left  Shoulder  of  Auriga 
Rigel  the  bright  Foot  of  Orion 


} 


The  Ealtern  Shoulder  of  Orion,  Belelgeufe 
Canobus,  bright  Star  in  Poop  of  Ship  Argo 
Sirius,  bi ight  Star  in  Great  Dog’s  Mouth 
Caftor,  in  the  Head  of  Northern  Twin  — 

Procyon,  in  the  Little  Dog  -  - 

Pollux,  in  the  Head  of  the  Southern  Twin 

Cor  Hydrre,  or  Alphard  —  . 

Regulus,  the  Lion’s  Heart  — —  — 

Dubhe,  the  Northermoft  Pointer  in  the  \ 

Grea  t  Bear  -  -  J 

The  Southertnoft  Star  of  Croiiers,  Foot  of 
the  Crofs  ■  -  ■  ■ 

Spica  Virginis  — — 

The  Wefteimoft  Foot  of  Centaur 
Arcturus  in  Bootes  -  ■  -  — 

Antares,  or  Scorpion’s  Heart 

Bright  Star  of  the  Harp  Lyra  -  - 

Fomalhaut,  in  Mouth  of,  Southern  Fiflr  — 

Markeb  in  Wing  of  Pegafus  - 

The  Head  of  Andromeda 
Eridani  ■  ■-  ■■  ■  — 

Arietis  ■  . 

Ceti  . -  . - 

Coronae  ■  - - — 

Segittarius  —  ■  ■  - 

Aquila,  the  Eagle  -■ 

Capricorn  .  . - 

Mirach,  in  Andromeda  Girdle 
The  bright  Star  in  the  Oars,  of  the  Ship  Argo 
The  bright  Star  in  the  Foot  Libra 
Algenib,  the  bright  Star  in  Perfeus 
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*  Note,  (a)  being  fet  after  any  Second  and  Tenth,  ihews  that  they  are  to  be  added 
to  every  fucceeding  Year  after  1775  ;  and  (s)  (hews  that  they  are  to  be  fubtrafted. 
As  the  Alteration  of  Declination,  &c.  is  fo  very  fmall,  this  Table  will  do  for  feveral 
Years  without  any  fenfible  Error. 


(  3°4  ) 

I:  is  obvious,  -hat  hy  ilie  Sun’s  Annual  Motion,  ho  is  perpetually  changing  hi* 
Declination  and  Right  Afcenfion,  which  is  fee  down  in  the  preceding  Table  for  the 
Moon  of  every  Day  at  London  ;  and  may  be  reduced  to  a.ny  other  Time  or  Meridian 
as  has  teen  already  lhewn  in  finding  the  Longitude.  * 

By  the  Proceffion  of  the  Equinoxes,  the  fixed  Stars  are  continually  altering  their 
Longitudes,  Right  Afcenlions,  and  Declinations  ;  the  Al  eration  in  Longitude  is 
about  50  Seconds  every  Year;  the  Alteration  in  Right  Afcenfioo  and  Declination  of 
foine  of  the  principal  fixed  Stars,  are  fet  down  in  the  preceding  Table  for  1775  ; 
ttr.d  their  Annual  Variation,  which  being  applied  to  the  Right  Afcenfion  and  Decli¬ 
nation  in  che  Table,  by  Addition  or  Subtraction,  gives  the  Right  Afcenfion  and  De¬ 
clination  far  any  fucceeding  Years. 

The  Right  Afcenfion  of  the  Sun,  Moon,  or  Stars,  is  the  Number  of  Degrees  of  the 
EquinoCtial  that  comes  to  the  Meridian  with  them,  counted  from  the  firft  Point  ol 
Aries. 

The  LTfe  of  tire  Tables  of  the  Right  Afcenfion  of  the  Sun  and  Star,  is  to  find 
the  Time  when  any  Star  Culminates,  or  is  upon  che  Meridian  on  a  Given  Da". 

RULE. 

Look  for  the  Right  Afcenfion  of  the  Sun  and  Star  in  the  preceding  Tables  and 
fubtraft  the  Sun’s  Right  Afcenfion  from  the  Star’s  ;  but  if  the  Sun’s  Riqht  Afcenfion 
be  greateft,  add  24  Hours  to  the  Star’s  Right  Afcenfion,  and  then  fubtraCt  the  Sun’s 
from  it,  the  Remainder  will  be  the  Time  of  the  Scar’s  coming  to  the  Meridian 
Afternoon. 

When  the  Sun’s  Right  Afcenfion  is  leaft,  the  Star  comes  to  tire  Meridian 
in  the  Afternoon,  but  before  Noon  when  the  Sun’s  is  greateft. 


EXAMPLE  I. 

At  what  Time  will  the  Star  Arcturus 
be  on  the  Meridian  of  London,  December 

1  ?  H.M. 

Arcturus’s  Right  Afcenfion  14  5 

Sun’s  Right  Afcenfion  —  16  30 

The  Star  comes  to  the  Meridian  \ 

in  the  Morning  J  2  2S 

That  is,  the  Star  Arcturus  will  be 
upon  the  Meridian  of  London  25  Mi¬ 
nutes  after  Two  o’Clock  in  the  Morning. 


EXAMPLE  II. 

At  what  Time  will  the  Star  Virgin’s 
Spike  be  on  the  Meridian  of  London, 


September  1  ?  H.M. 

Spica  Virginis’s  Right  Afcenfion  13  10 

Sun’s  Right  Afcenfion  -  10  42. 


The  Star  culminates  Afternfion  2  31 


So  the  Star,  Virgin’s  Spike,  comes  to 
the  Meridian  ac  London  31  Minutes  after 
T wo  in  the  Afternoon  . 


To  find  what  Star  will  come  upon  the  Meridian  at  any  Given  Time. 


RULE. 

Add  the  Time  from  Noon  to  the  Right  Afcenfion  of  the  Sun,  the  Sum  will  be  the 
Right  Afcenfion  of  the  Star  required  to  be  known;  with  which,  enter  the  Table  of 
the  Star’s  Right  Afcenfion,  and  find  what  Star’s  Right  Afcenfion  ^agrees  with,  or 
comes  the  neareft  to  it.  and  thac  is  the  Star  required. 


EXAMPLE  I. 

I  would  know  what  Star  would  be  on 
the  Meridian  of  London  about  Ten  at 
Night,  January  25.  H.M. 

Sun’s  Ri.  Afcen.  Jan.  25, atNoon,  20  31 
And  for  10  Hours  more  —  o  2 
Given  Time  10  Hours  P.  M.  10  o 


30  33 
Sub,  24  o 


6  33 


EXAMPLE  II. 

What  Star  will  be  upon  the  Meridian 


of  London  30  Minutes  pall  Four  in  the 
Morning,  May  10  ?  H.M. 

Sun’s  Ri.  Afcen.  May  9,  at  Noon,  3  5 

And  for  16  Hours  more  .  o  3 

Given  Time  i6h.  30m.  P.  M.  16  30 


Right  Afcenfion  of  Mid  Heaven  *9  3* 
Anfwers  nearly  to  Aquila. 


Anfwers  to  Sirius 


Difference  of  Latitude  and  Departure  for  |  Point. 


Dill 

Lat/ 

Dep. 

Dift 

Lat. 

Dep. 

Dift 

Lat. 

Dep. 

Dift 

Lat. 

Dep. 

Dift 

Lat. 

Dep. 

I 

01,0 

00,0 

61 

60,9 

0  3,0 

12 1 

120,9 

°5>9 

181 

180,8 

08,9 

241 

240,7 

n,8 

2 

02,0 

00,1 

62 

61,9 

03,0 

22 

121,9 

06,0 

82 

181,8 

08,9 

42 

241,7 

u,9 

3 

03,0 

00,1 

63 

62,9 

03,1 

23 

122,9 

06,0 

83 

182,8 

09,0 

43 

242,7 

11.9 

4 

04,0 

00,2 

64 

63>9 

03,1 

24 

I23>9 

06,1 

84 

183,8 

09,0 

44 

243,7 

12,0 

5 

05,0 

00/2 

65 

64,9 

03,2 

25 

i24,9 

06,1 

85 

184,8 

09,1 

45 

*44  >7 

12,0 

6 

06,0 

00,3 

66 

6.5,9 

03,2 

26 

125,8 

06,2 

86 

185,8 

09,1 

46 

245,7 

12,1 

7 

07,0 

00,3 

67 

66,9 

03,3 

27 

126,8 

06,2 

»7 

186,8 

09,2 

47 

246, 

12,1 

.  8 

08,0 

00,4 

68 

67.9 

03,3 

28 

127,8 

06,3  ■ 

88 

187,8 

09,2 

48 

247,7 

12,2 

9 

09,° 

co, 4 

69 

68,9 

03,4 

29 

128,8 

06,3 

89 

188,8 

09,3 

49 

248,7 

12,2 

IO 

10,0 

00,5 

70 

69.9 

03,4 

30 

129,8 

06,4 

90 

189,8 

°9>3 

5° 

249-7 

12,3 

1 1 

I  1,0 

.0,5 

71 

7°>9 

°3,5 

131 

130,8 

06,4 

191 

190,8 

°9>4 

251 

250,7 

12,3 

12 

12,0 

00,6 

72 

7X,9 

°3- 5 

32 

131,8 

06  5 

92 

191,8 

09,4 

S2 

25L7 

12,4 

J3 

13,° 

00,6 

73 

72.9 

03,6 

33 

1 32,8 

06,5 

93 

192, S 

09,5 

53 

252,7 

12,4 

>4 

14,0 

00;7 

74 

73.9 

03,6 

34 

133,8 

06,6 

94 

293,8 

09,5 

54 

253,7 

12,5 

r5 

1 5.° 

co, 7 

75 

74.9 

03,7 

35 

134,8 

06,6 

9.5 

194,8 

09,6 

55 

254,7 

‘2,5 

16 

16,0 

oo,S 

76 

75.9 

°3>7 

36 

135-8 

06,7 

9'6 

195,8 

oo,6 

56 

255,7 

12,6 

17 

IJ,C 

00,8 

77 

76,9 

03,8 

37 

136,8 

06,7 

97 

196,8 

09,7 

57 

256,7 

12,6 

18 

18,0 

00,9 

78 

77.9 

03,8 

38 

137,8 

06,8 

98 

197,8 

09,7 

S8 

257,7 

12,7 

'9 

19,0 

00,9 

79 

78,9 

03,9 

39 

138,8 

06,8 

99 

198,8 

09,8 

59 

258,7 

12,7 

20 

20,0 

01,  c 

80 

79-9 

03.9 

40 

139.8 

06,9 

200 

199.8 

09,8 

60 

259,7 

12,8 

21 

21,0 

01,0 

81 

80,9 

04,0 

141 

140,8 

06,9 

201 

200,8 

09, 

261 

260,7 

12,8 

22 

22,0 

01,1 

82 

81,9 

04,0 

42 

141,8 

07,0 

02 

201,8 

09,. 

62 

261,7 

12,9 

23 

23,0 

Cl, I 

83 

82,9 

04,1 

43 

142,8 

07,0 

03 

202,8 

10^0 

63 

262,7 

12,9 

24 

24,o 

01,2 

84 

83.9 

04,1 

44 

x43>8 

07,1 

04 

203,8 

10,0 

64 

263,7 

13,0 

-5 

25,o 

01,2 

85 

84,9 

04,2 

45 

144,8 

07,1 

°5 

204,8 

10,1 

65 

264,7 

13,0 

26 

26,0 

01,3 

86 

85»9 

04, 2 

49 

145,8 

07,2 

06 

205,8 

10,1 

66 

265,7 

13,1 

27 

27,0 

01,3 

87 

86,9 

04,3 

47 

146,8 

07,2 

07 

206,8 

10,2 

67 

266,7 

13,1 

28 

28,0 

01,4 

88 

87>9 

04,3 

48 

147,8 

07,3 

08 

207,8 

10,2 

68 

267,7 

13,2 

29 

29,0 

01,4 

89 

88,9 

04,4 

49 

148, S 

07,3 

09 

208,7 

10,3 

69 

268,7 

13,2 

30 

30,0 

01,5 

90 

89,9 

04,4 

5° 

149,8 

07.4 

IO 

209,7 

10,3 

70 

269,7 

13,3 

31 

31,0 

01,5 

9i 

90,9 

=4,5 

151 

150,8 

07,4 

2 1 1 

210,7 

10,4 

271 

270,7 

13,3 

32 

32,0 

01,6 

92 

9L9 

04,5 

52 

!5i,8 

07,5 

12 

211.7 

10,4 

72 

271,7 

13,4 

33 

33.o 

01,6 

93 

92'9 

04,6 

53 

152,8 

07,5 

13 

212,7 

10,5 

73 

272,7 

13,4 

34 

34.o 

01,7 

94 

93.9 

04,6 

54 

1 53,8 

07,6 

14 

213,7 

10,5 

74 

273,7 

!3,5 

35 

35.o 

01,7 

95 

94.9 

04,7 

55 

154,8 

07,6 

15 

214,7 

10,6 

75 

274,7 

13,5 

36 

3^° 

01,8 

96 

95-9 

04,7 

56 

155,8 

07,7 

l6 

215,7 

10,6 

76 

275,7 

13,6 

37 

37.o 

01,8 

97 

96,9 

04,8 

57 

156,8 

07,7 

17 

216,7 

10,7 

77 

276,7 

13,6 

38 

38,0 

01,9 

98 

97,9 

04,8 

58 

157,8 

07,8 

18 

217,7 

10,7 

78 

277,7 

1 3,7 

39 

39.o 

01,0 

99 

98.9 

04,9 

59 

158,8 

07,8 

19 

218,7 

10,8 

79 

278,7 

13,7 

40 

40,0 

02,0 

IOO 

99.9 

04,9 

60 

'59.8 

°7>9 

20 

219,7 

io,8 

80 

2  79,7 

13,8 

4i 

41,0 

02,0 

IOI 

100,9 

05,0 

1 6 1 

160,8 

07,9 

221 

220,7 

10,9 

281 

280,7 

13,8 

42 

41.9 

02,1 

02 

101,9 

05,0 

62 

161,8 

08,0 

22 

221,7 

10,9 

82 

281,7 

1 3,9 

43 

42>9 

02,1 

03 

102,9 

05,1 

63 

162,8 

c8,o 

23 

222,7 

11,0 

83 

282,7 

13,9 

44 

43-9 

02,2 

°4 

103,9 

05,1 

64 

163,8 

08,1 

24 

223,7 

11,0 

84 

283,7 

14,0 

45 

44.9 

02,2 

°5 

104,9 

05,2 

e5 

164,8 

08,1 

25 

2  24.7 

n,i 

85 

284,7 

14,0 

46 

45.9 

02,3 

06 

105,9 

05,2 

66 

1658 

08,2 

26 

225,7 

11,1 

86 

285,7 

14,1 

47 

46,9 

02,3 

°7 

106,9 

05,3 

67 

166,8 

08,2 

27 

226,7 

11,2 

87 

286,7 

14,1 

48 

47  9 

02,4 

OS 

107,9 

°5,3 

68 

167,8 

08,3 

28 

227,7 

11,2 

88 

287,7 

14,2 

49 

48,9 

|02,4 

09 

108,9 

05.4 

69 

168,8 

08,3 

29 

228,7 

n,3 

89 

288,7 

14=2 

5° 

49.9 

02>5 

IO 

109,9 

05.4 

70 

169,8 

08,4 

3° 

229,7 

u,3 

90 

289,7 

14,3 

51 

50,9 

02,5 

III 

110,9 

°5>5 

171 

170,8 

08,4 

23i 

230,7 

n,4 

2qi 

290,7 

14,3 

52 

5i.9 

02,6 

12 

111,9 

°5>5 

72 

171,8 

08,5 

32 

231,7 

n,4 

292 

291,6 

14,4 

53 

52>9 

02,6 

J3 

112,9 

05.5 

73 

172,8 

08,5 

33 

232,7 

n,5 

293 

292,6 

14,4 

54 

53.9 

02,7 

14 

”3.9 

05,6 

74 

173,8 

08,5 

34 

233,7 

11,5 

294 

293,6 

14,5 

55 

54  9 

02,7 

15 

114,9 

05,6 

75 

174.8 

c8,6 

35 

234,7 

11,5 

295 

295,6 

14,5 

56 

55.9 

02,8 

l6 

11 5.9 

05,7 

76 

'75,8 

cS,6 

36 

235,7 

n,6 

296 

295,6 

14,5 

57 

56’9 

02,8 

17 

116,9 

05.7 

76 

176,8 

08,7 

37 

236,7 

1 1,6 

207 

296,6 

14,6 

58 

57.9 

02,9 

l8 

ii7. 9 

05,8 

77 

177,8 

08,7 

38 

237  7 

11,7 

298 

297,6 

14,6 

59 

58,9 

02,9 

T9 

118,9 

05,8 

79 

178,8 

08,8 

39 

23S,/ 

11,7 

209 

2qS,6 

T4..7 

60 

59.9 

02,9 

20 

119,9 

05,9 

SO 

179.8 

08,8 

40 

230,7 

1 1,8 

3CC 

209,6 

14,7 

Dilt 

Dep.\  Lat. 

Dift 

Dep, 

Lat. 

Dift 

Dep. 

Lat. 

Dift 

Dep. 

Lat 

[Dift 

1  D?P- 

Lat. 

lor  7 A  Points, 

Difference  of  Latitude  and  Departure  for  \  Point. 


Dift 

Lat. 

Dcp. 

Dirt 

Lat. 

Dcp. 

Dift 

Lat. 

iDep. 

Dift 

1  Lat. 

Dep. 

D  ft 

Lat. 

Dep. 

I 

01,0 

CO,l 

61 

60,7 

o6,o| 

121 

120,4 

1 1 1>8 

1 S  i 

!  180,1 

17,7 

241 

*39,8 

'23,6 

2 

C2,0 

00,2 

62 

61,7 

06,1 

22 

121,4 

j'*>9 

82 

[181,1 

17,8 

42 

240,8 

23,7 

3 

03,0 

00,3 

63 

62,- 

06,2 

25 

I  22,4 

;I2,0 

83 

182,1 

'7-9 

43 

241,8 

2  3,$ 

4 

04,0 

00,4 

64 

63.7 

06,3 

24 

1*3,4 

12,1 

84 

183,1 

,8’° 

44 

242,8 

23,9 

5 

°5>° 

00,5 

65 

64>7 

06,4 

25 

ii4,4 

12,2 

85 

184,1 

18,1 

45 

243, 8 

24,0 

6 

06,0 

00,6 

66 

65.7 

06, 5 

26 

i*5.4 

!l2>3 

86 

185,1 

,18,2 

46 

244  8 

24,1 

7 

07,0 

oc,7 

67 

66,7 

c6.6 

27 

126,4 

12,4 

87 

186,1 

18,3 

47 

245, 8 

24,2 

8 

oS,c 

co, 8 

68 

67,' 

06, 7 

2*3 

1*7,4 

12.5 

83 

,187,1 

18,4 

4? 

246,  S 

-4>3 

9 

09,0 

CC,Q 

69 

68,7 

06,7; 

i  29 

128,4 

12,6 

89 

188,1 

1 8, 5 

45 

*47.8 

24,4 

IO 

ic,o 

01,0 

70 

69.7 

c6,c| 

!  30 

'2  9,4 

12,7 

90 

■  1S9  1 

18,6 

5° 

248,8 

24,5, 

1 1 

10,9 

01,1 

7> 

70,7 

06,91 

131 

1 130,4 

>2,8 

191 

1  190,1 

18,7 

251 

2  9,8 

24,6 

12 

II, Q 

01,2 

72 

71.7 

07.0 1 

32 

1 3  *»4 

12,9 

9* 

,'9', 1 

iS,S 

-  2 

250,8 

24.7 

13 

12,9 

01,3 

73 

72,6 

07,1 

33 

I32.4 

1 13,0 

9? 

iy2,i 

18,9 

53 

251,8 

24, s 

14 

13*9 

01,4 

74 

73,6 

07,2 

34 

j  133,4 

13,1 

94 

j  '93,1 

19,0 

54 

252.8 

24,9 

is 

14,9 

01.5 

75 

74  6 

07,3 

35 

'34,4 

13,2 

95 

i94,i 

19,1 

55 

*53,8 

25,0 

l6 

15,9 

01,6 

76 

75'6 

07.4 1 

3fc 

■35,3 

'3-3 

96 

i95,i 

19,2 

56 

254,8 

25,1 

17 

16.9 

01,7 

77 

76,6 

07-5J 

37 

136,3 

13,4 

97 

196,1 

'9.3 

57 

255,8 

25,2 

iS 

17,9 

01,8 

78 

77>6 

07,6; 

38 

*37,3 

1 3.5 

98 

:  197,0 

19.4 

58 

25C,S 

25>3 

19 

18,9 

01,9 

79 

78,6 

07.7 

39 

'38>3 

13, b 

99 

198,0 

19,5 

59 

*57,8 

25,4 

20 

19-9 

02,0 

So 

79.6 

07,8 

40 

■39,3 

,'3,7 

200 

199,0 

19,6 

6C 

258,8 

25,5 

21 

20,9 

02, 1 

81 

8c, 6 

07,9 

141  !  140,3 

'13,8 

201 

i  200,0 

'9,7 

26l 

*59  7 

25,6 

22 

21,9 

02,2 

82 

81,6 

cS,o| 

42 

!  141,3 

>3,9 

02 

j20l,C 

19,8 

62 

260,7 

25>7 

*3 

22,9 

02,2 

83 

82,6 

0?,I  | 

43 

142,3 

03 

2C  2,C 

'9,9 

63 

261,7 

25,^ 

24 

23>9 

C2,3 

84 

83,6 

08,2 1 

44 

143,3 

! 14 1 

04 

203,0 

20,0 

64 

262,7 

25,9 

25 

24,9 

02,4 

85 

84,6 

£$>3 ! 

45 

144,3 

14,2 

°5 

204,0 

20,  1 

6  5 

263,7 

26,0 

26 

2  s,c 

02,5 

86 

85,6 

08,4 1 

46 

145,3 

'4,3 

06 

205,0 

20,2 

66 

264,7 

2.6,1 

27 

26.9 

02,6 

87 

86,6 

08.  s 

47 

146,3 

:  14,4 

07 

206,0 

2C,2 

6-, 

265,7 

26.2 

2S 

27:5 

02,7 

88 

87,6 

08,6 

48 

147,3 

*  >4.5 

c8 

207,0 

20,3 

68 

266,7 

26,3 

29 

28,9 

02,3 

89 

88,6 

08,7 

49 

148,3 

;  ‘4,6 

09 

208,0 

20,4 

69 

267,7 

26,4 

30 

29,9 

02,9 

90 

89,6 

os,»! 

So 

149,3 

'4.7 

I0J2O9.O 

20,5 

70 

268,7 

26.5 

31 

3°,9 

03,0 

91 

90,6 

08, S 

IS1 

'5°>3 

14,8 

21  I 

2 1  C,C 

20,6 

271 

269,7 

26,6 

32 

31,8 

°3, 1 

92 

91,6 

09,0 1 

S 2 

■5L3 

'4,9 

12 

21  1,0 

20,7 

72 

270,7 

26,7 

33 

32,8 

C3,2 

93 

92,6 

09,1 

53 

1 5;>3 

15,0 

>3 

2  12,0 

20,8 

73 

271,7 

26,8 

34 

33’8 

°3.3 

94 

93>5 

09,2 

54 

*53.3 

15,1 

14 

213,0 

20,9 

74 

272,7 

26,9 

35 

34>8 

°3.4 

95 

94.5 

09,3 

55 

154,3 

>5,2 

Js 

214,0 

21,0 

75 

273,7 

27,0 

36 

35-8 

c3.5 

96 

95’5 

00,4 

5b 

155,3 

■5>3 

l6 

215,0 

21,1 

76 

2747 

*7,1 

37 

36,8 

c3,6 

97 

96,5 

c9>5 

57 

156,2 

15,4 

17 

216,0 

21,2 

77 

275,7 

2;,2 

3* 

37,8 

°3.7 

98 

97,5 

co,6 

58 

157,2 

i5,4 

is 

217,0 

21,3 

78 

276,7 

27>3 

39 

38,8 

03,8 

99 

98,5 

09,7 

59 

158,2 

.'5,6 

19 

217,9 

21,4 

79 

277>7 

274 

4C 

39.8 

°3>9 

IOO 

99.5 

oo.Sl 

6c 

i59,2 

15,7 

20 

218,9 

21,5 

So 

27,5 

4i 

40,8 

04,0 

I  IOI 

ICO, 5 

09,9 

161 

i6c,2 

1 5»7 

221 

219,9 

21,6 

j  28  1 

279,6 

*7.6 

42 

41.8 

04,1 

C2 

101,3 

10.01 

62 

161,2 

1  ;,8 

22 

220,9 

21,7 

82 

280,6 

27,7 

43 

42,8 

04,2 

03 

102,5 

10,1 

63 

162,2 

'5,9 

23  221,9 

21,8 

281,6 

27, s 

44 

43>8 

°4>3 

04 

103.5 

10,2 

64 

163,2 

16,0 

*4 

222,9 

21,9 

84 

282,6 

27,9 

45 

44, s 

04.4 

°5 

104,5 

10,3 

bs 

164,2 

16,1 

2  5 

223,9 

22,0 

85 

283,6 

28,0 

46 

45.8 

04,5 

06 

105.5 

10,4 

1  66 

165,2 

16,2 

26 

224,9 

22, 1 

86 

284,6 

2?, I 

47 

46, S 

04,6 

°7 

ic6.£_^ 

i°>5 

67 

166,2 

16,3 

2? 

225,9 

22,2 

87 

285,6 

28,2 

48 

47.s 

04.7 

oS 

107,5 

10,6 

68 

167,2 

16,4 

28 

226,9 

22,3 

88 

286,6 

28,3 

49 

48,8 

04,8 

c9 

108,5 

10,7 

69 

168,2 

16,5 

*9 

227,9 

22,4 

89 

287,6 

28,4 

5° 

49.8 

04,9 

10 

109.5 

10,8 

70 

169,2 

16,6 

3° 

22S,9 

22,5 

90 

2886 

28,5 

5> 

50.8 

05,0 

in 

110,5 

10,9 

171 

170*2 

16,7 

231 

229,9 

22,6 

291 

289,6 

28,6 

52 

51.8 

05,1 

12 

111,5 

I  1,0 

72 

171,2 

16,8 

3* 

2  30,9 

22,7 

9* 

290,6 

2S.7 

S3 

52>7 

03.2 

13 

112,5 

II, I 

73 

172,2 

16,9 

33 

23 ',9 

22,8 

93 

291,6 

28,8 

54 

53.7 

c5>3 

14 

113.5 

11,2 

74 

i73>* 

17,0 

34 

232,9 

22,9 

94 

292,6 

28,9 

SS 

54.7 

°5>4 

15 

114,4 

”,3 

75 

1/4,2 

'7,i 

35 

*33,9 

23,0 

95 

293,6 

29,0 

56 

55>7 

°5.S 

16 

113,4 

11,4 

76 

175,2 

17,2 

36 

*34,9 

23,1 

96 

294,6 

29 1 

57 

56,7 

05,6 

17 

116,4 

11,5 

77 

176,2 

>7,3 

37 

*35  9 

*3,2 

97 

295,6 

29,2 

5« 

57,7 

05.7 

iS 

JI7.4 

11,6 

78 

i77,i 

17.4 

38 

236.9 

23,3 

98 

296,6 

29,2 

59 

58.7 

05,8 

19 

118,4 

79 

178,1 

>7,5 

39 

*37,9 

23>4 

99 

297,6 

29,3 

60 

59.7 

05,9 

20 

119,4 

11,8 

80 

I79,i 

17,6 

40 

238,9 

235 

300 

298,6 

20,4 

Dift 

Dep. 

Lat. 

Dift 

Dep. 

Lat. 

Dift 

Dep. 

Lat.  |  Dift 

Dep. 

Lat. 

Dfl|  Dep.  1 

Lat. 

for  7 1  Points. 


Difference  of  Latitude  and  Departure  for  |  Points. 


Dirt 

Lat. 

9ep. 

Dirt 

Lat. 

Dep. 

Dirt 

Lat. 

D  p, 

D,ft 

Lat. 

Dep. 

Dift 

Lat. 

Dep. 

1 

01,0 

00,1 

6l 

60,3 

08,9 

I  2  I 

119.7 

'7,7 

l8l 

179,0 

26,5 

241 

238,4  35,3 

2 

02,0 

=0,3 

62 

61,3 

09,1 

22 

120,7 

17,8 

82 

180,0 

26,7 

42 

239>4|35’5 

3 

°3>° 

00,4 

®  3 

62,3 

09,2 

23 

121,7 

18,0 

*3 

181,0 

26,8 

43 

240,4  35,6 

4 

04,0 

00.6 

64 

®3’3 

00,4 

24 

122,7 

18,2 

84 

182,0 

27,0 

44 

241,3 ;  35,8 

5 

04,9 

00,7 

®5 

64’ 3 

0  >5 

25 

123,6 

iS,3 

85 

183,0 

27,1 

45 

242,3! 

35,9 

6 

05,9 

00,9 

66 

®  5’ 3 

°9>7 

26 

124,6 

18,5 

86 

184,0 

27,3 

46 

243»3|3®,i 

7 

06,9 

01,0 

c7 

66,3 

09,8 

27 

125,6 

18,6 

87 

185,0 

27,4 

47 

244,3  1 36, 2 

8 

07  9 

01,2 

63 

®7’3 

10,0 

28 

126,6 

18,8 

88 

186,0 

27,6 

48 

245,3 

3®,4 

9 

08,9 

Ol,3 

69 

68  2 

IGj  I 

29 

127,6 

18,9 

89 

186,9 

27,7 

49 

246,31 3®, 5 

1C 

°9>9 

°»  5 

70 

69,2 

10,3 

30 

I2X,5 

19,1 

90 

i87>9 

27,9 

5° 

247,3i  3®,  7 

1 1 

10,9 

01  6 

71 

70,2 

10,4 

131 

129,6 

19.2 

191 

iS8,9 

28,0 

251 

248,3136,8 

12 

11,9 

01,8 

72 

71,2 

10,6 

32 

130,6 

*9,4 

92 

189,9 

28,2 

52 

249,3 

37,° 

1 3 

12,9 

01,9 

73 

72,2 

10,7 

33 

131,6 

19,5 

93 

190,9 

28,3 

53 

250,2 

37,i 

*4 

13,8 

02,1 

74 

73>2 

10,9 

34 

i32.5 

19,6 

94 

191,9 

28,5 

54 

251,2 

37,3 

>5 

14,3 

02,2 

75 

74>2 

11,0 

35 

1 33,5 

19,8 

95 

192,9 

28,6 

55 

252,2 

37,4 

l5 

15,8 

02,3 

7® 

75>2 

II, I 

36 

134,5 

i9,9 

96 

193,9 

28,7 

5® 

253,2 !  37>5 

J7 

16  8 

02,  S 

77 

76,2 

n>3 

37 

1 3  8>5 

20,  I 

97 

194,9 

28,9 

57 

254,2 1 

37,7 

18 

17  8 

02,6 

78 

77>I 

11,4 

38 

i3®,5 

20,2 

98 

195,8 

29,0 

58 

255,2! 

37,8 

'9 

18,8 

02,8 

79 

78,1 

11,6 

39 

!37,5 

20,4 

99 

196,8 

29,2 

59 

256,2138,0 

20 

IQ. 8 

02,9 

80 

79-1 

11. 7 

40 

138.5 

20>  5 

200 

'97,8 

29,3 

60 

257,2 

38,1 

21 

20,8 

03,1 

81 

80,1 

11,9 

141 

i39,5 

20,7 

201 

198,8 

29,5 

261 

258,2 

38,3 

22 

21,8 

©3,2 

8 a 

81,1 

12,0 

42 

140,5 

20,8 

02 

190,8 

29,6 

62 

259,1 

38>4 

23 

22,7 

03.4 

83 

82,1 

12,2 

43 

141,4 

21,0 

°3 

200,8 

29,8 

63 

260,1 

38,6 

24 

23»7 

03.5 

84 

83,1 

12,3 

44 

142,4 

21,1 

04 

201,8 

29,9 

64 

261,1 

38>7 

25 

24,7 

03,7 

«5 

84,1 

12,5 

45 

H3,4 

21,3 

°5 

202,8 

3°, 1 

65 

262,1 

38,9 

26 

25>7 

03,8 

86 

85,1 

12,6 

46 

H4.4 

2I.41 

06 

203,8 

30,2 

66 

263,1 

39,° 

27 

26,7 

04,0 

87 

86,i 

12,8 

47 

145,4 

21,6 

07 

204,7 

3°, 4 

67 

264,1 

39,2 

28 

27.7 

04,1 

88 

8-,,o 

12,9 

48 

146,4 

21,7 

08 

205'7 

3°, 5 

68 

265,1 

39,3 

29 

28  7 

°4>  3 

89 

88,0 

13,0 

49 

147,4 

21,8 

O9 

206.7 

30,6 

69 

266,1 

39. 5 

3° 

29  7 

04.4 

90 

89,0 

1 3>2 

5° 

148,4 

22,0 

IO 

207.7 

30,8 

70 

267,1 

39,6 

31 

3C>7 

°4’5 

91 

90,0 

1 3>3 

151 

H9,4 

22,1 

2  II 

208,7 

3°, 9 

271 

268, 1 

39,7 

32 

3T>7 

c4’7 

92 

91,0 

13.5 

52 

!5°,3 

22,3 

12 

209,7 

31,1 

72 

269,0 

39,9 

33 

32,6 

04,8 

93 

02,0 

13,® 

53 

‘5i>3 

22,4 

13 

210,7 

31,2 

73 

270,0 

40,0 

34 

33,® 

05,0 

94 

93>° 

13.8 

54 

i52,3 

22,6 

14 

211,7 

3L4 

74 

271,0 

40,2 

35 

34-6 

05,1 

95 

94,0 

i3’9 

55 

153,3 

22,7 

15 

212,7 

3D5 

75 

272,0 

40,3 

3b 

35>® 

°5>3 

96 

95.° 

14.1 

5® 

1 54>  3 

22,9 

l6 

213,7 

3D7 

7® 

273,° 

4°,  5 

37 

36,6 

05,4 

97 

9  5  >9 

14,2 

57 

i55,3 

23,0 

17 

214,6 

31,8 

77 

174,0 

40,6 

38 

37>® 

05,6 

g8 

96,9 

14  4 

53 

156,3 

23,2 

18 

215,6 

32,0 

78 

275, 0 

40,8 

39 

3?,6 

05,7 

99 

97  9 

M’5 

59 

i57,3 

23,3 

19 

216,6 

32,1 

-9 

276,0 

40,9 

40 

39>® 

05-9 

IOO 

98,9 

14.7 

60 

158,3 

23,5 

20 

217,6 

32,3 

Q  © 

277,0 

41,1 

4' 

40,6 

c  6,0 

ICI 

9>9’9 

14,8 

l6l 

■59,2 

23,6 

22  1 

218,6 

32,4 

2Sl 

277,9 

41,2 

42 

41,5 

06,2 

02 

ico, 9 

15. c 

62 

1 60,2 

23,8 

22 

219,6 

32,6 

82 

278.9 

4i,4 

43 

42>5 

°®>3 

03 

101.9 

I5>i 

63 

161,2 

23,9 

23 

220,6 

32,7 

«3 

279,9 

4D5 

44 

435 

c6, 5 

04 

102,9 

*5.3 

64 

162,2 

24,0 

24 

221,6 

32,8 

84 

280,9 

41,6 

45 

44>5 

c6,b 

c5 

103,9 

15,6 

®5 

163,2 

24,2 

25 

222,6 

33> 0 

85 

281,9 

41,8 

46 

4  5 » 5 

06,7 

c6 

104,8 

1 5>  5 

66 

164,2 

24,3 

26 

223,5 

33’1 

86 

282,9 

4i>9 

4" 

4®>5 

06.9 

07 

105,8 

T5'7 

6/ 

165,2 

24,5 

27 

224,5 

33,3 

87 

283,9 

42,1 

48 

47.5 

07,0 

08 

106,8 

15.8 

68 

1 66,2 

24,6 

28 

225,5 

33,4 

88 

284,9 

42,2 

49 

48,5 

07,2 

09 

107,8 

16,0 

®9 

167,2 

24,8 

2C 

226,5 

33,® 

89 

285,9 

42,4 

5° 

49-5 

°7-3 

10 

108  8 

ro,i 

70 

168,1 

'  24,9 

30 

227,5 

33,7 

90 

286,8 

42,5 

5' 

5°, 4 

°7>4 

in 

109,8 

16,-, 

171 

160,1 

25,1 

23  I 

22  Sjc 

33-9 

291 

287,8 

42,7 

52 

5‘>4 

07,6 

12 

1 10,8 

16,4 

72 

170,1 

25,2 

32 

229,5 

34,o 

92 

288,3 

42,8 

53 

52>4 

07,8 

11 1,8 

16,6 

73 

171,1 

25  4 

33 

230,5 

34,2 

93 

289,8 

43>° 

53 

53>4 

c7>9 

M 

I  I  2  ;  8 

16,7 

74 

172,1 

25,5 

34 

231,5 

34,3 

94 

290,8 

43> 1 

5 

54,6 

08,1 

1 

1 1 3>7 

16,9 

75 

173. 1 

2C,7 

35 

232,4 

34,5 

95 

291,8 

43,3 

5< 

55,4  08,2 

16 

1 1 4- 7 

17.0 

76 

174,1 

25,8 

3® 

233,4 

34,® 

9t 

292,  S 

43’4 

5' 

56,4  08,4 

17 

”5.7 

17.2 

77 

175,1 

26,0 

37 

234, 4 

34,8 

97 

292,8 

43,® 

5 

57  4|08>5 

1? 

’  1^,7 

17.3 

7? 

176,1 

26,1 

38 

235,6 

34,9 

98 

294,8 

43,7 

5 

58,4.08,7 

>9 

117,7 

17.5 

7c 

1  177,1 

26,3 

39 

236,4 

3  5,° 

95 

295,7 

43,8 

6c 

3  59' 

05,8 

2C 

118,7 

17,6 

Xc 

178,  c 

26,4 

4C 

237,4 

3  5,2 

30c 

296,- 

44,° 

D. 

t  Dep 

.  Lat 

Dif 

Dep. 

Lat. 

Did 

Dep. 

Lat. 

Difl 

Dep. 

Lat. 

D11 

Dep. 

Lat. 

[aa  ] 


for  i\  Points 


Difference  of  Latitude  and  Departure  for  i  Point. 


Dift 

Lot. 

lJeP- 

iD  ft 

L, 

Dep. ; 

|Dift 

Lac. 

Dep.  | 

Dift 

1  Lat. 

Dep.l 

iDift  La*. 

[Dep. 

I 

01, c 

00,2 

61 

59,8 

ii,9 

1 1 2  I 

118,7 

23,6 

181 

177,5 

35-3 

241 236,3147,0 

2 

02,0 

CO, 4 

1  62 

60,8 

1 2, 1 1 

22 

119,6 

23,8 

82 

178,5 

35>5; 

42  23-, 3 

(47,2 

3 

02,9 

co,6 

P 

61, 8 

12,3 

2  3 

120,6 

24,0; 

83 

,79>5 

35-7l 

431238,3 

47>4 

4 

°3>9 

00,8 

64 

62,8 

12,51 

24 

121,6 

24.2 

84 

:8o,4 

3  v9i 

44  239,3 

,47,6 

S 

04  9 

01,0 

65 

63,7 

12,7 

:  2s 

122,6 

24>4 

85 

181,4 

36,1 

|  45|240»3 

47:8 

6 

05,9 

01,2 

66 

,64,7 

12,9 

2b 

i 2  3*6 1 24,6 

86 

182,4  36,3 

|  46(241. 2 

'48,0 

7 

CD  9 

0';4 

67 

65,7 

13,1 

1  2l 

124.5 

24,8 

87 

183,4 

36,5. 

i  47  242,2  48.2 

8 

07,8 

01,6 

68 

66,7 

13,31 

28 

>25,5 

25,0 

88 

184,4 

36,1 

48(243,2 

48,4 

9 

08,8 

01,8 

69 

67,7 

13,5 

29 

126,5 

25, 2! 

■'9 

185,3 

36,9 

49  244,2 

48,6 

IO 

09,8 

02,0 

70 

68,7 

1 3-7 

30 

127,5 

'25.4 

90 

186,3 

‘7,1 , 

5°, 245, 2 

48,8 

1 1 

io,8 

02,1 

71 

6S,6 

1 3,5 

1131 

128,5 

2  5,6 

*9* 

187,3 

37,3 

25:1246,1 

49,0 

12 

i  i,S 

02,3 

72 

70,6 

14, 

:  32 

129,5 

25,8. 

92 

188,3 

5- 1  -47»  i 

49-2 

!3 

I2>7 

02,5 

73 

71,6 

14,2 

33 

1304 

26,0! 

93 

is9,3 

37,7 

53  248,1 

49,4 

H 

I3>7 

02,7 

74 

72,6 

'4,4 

34 

131,4,26,1 

94 

190,2  37,9. 

54249, 1 

49,6 

IS 

«4>7 

02,9 

75 

73-6 

14,6 

!  35 

132,4 

26,jJ 

95 

191,2 

38,0. 

|  55  2  30, 1 

49,8 

16 

1 5’7 

03,1 

76 

74. 51 

14,8 

1 36 

^33,4 

-6,5  j 

96 

192,1 

38,21 

56 1 25 1,1 

5°,c 

*7 

16,7 

°3-3 

77 

75)5 

I5,° 

1  37 

134,4 

26,71 

97 

193,2 

38,4’ 

57  252,1 

50,1 

18 

i7,7 

°3> ' 

78 

76>5 

15.2, 

38 

1 35,3 

26,9 

98 

194,2 

38,6; 

1  58,253,0 

50,3 

!9 

18,6 

°3>7 

79 

77-5 

15,4 

39 

'36,3 

27, 1 

99 

195,2 

38,811  591254,0  50,5 

2C 

19,6 

03,9 

|  80 

78-5 

15-6 

4= 

1373 

27,3; 

200 

196,1 

39>C; 

!  60(255,0 

5°>7 

21 

20,6 

04,1 

81 

i_79>4 

1 5, 8 1 

j  141 

138,3 

27, 5! 

2CI 

'97, 1 

39, 2| 

261  256,0 

50,9 

22 

21,6 

04-3 

82 

180,4 

16,0 

42 

'39,3 

27,7 

02 

198,1 

39,4' 

62(256,9 

51,1 

23 

2  2,6 

04,5 

s3 

81,4 

l6, 2| 

43 

140,2 

27,9 

°3 

199,1 

39-6 

63  257,9 

5  x>3 

24 

23>5 

°4>7 

84 

82,4 

16,4 

44 

141  2 

28,1 

04 

200,1 

39,8 1 

64  258,9 

3t>3 

25 

24,5 

04,9 

85 

S3.4 

16  6 

45 

142,2 

28?5 

°5 

201,0 

40, c 

65  259,9 

26 

25-5 

05,1 

S6 

84,3 

1 6,8  j 

46 

143,2 

28,5 

06 

202,0 

40,2 

66*260,9 

51.9 

27 

20,5 

05,3 

87 

85.3 

17,0! 

47 

144,2 

28.7 

°7 

203,0 

40,4 

67*261,8 

52,1 

28 

27.5 

°5»5 

88 

86,3 

17,2 

48 

'45,i 

28,0 

c8 

204,0 

40,6 

68:262.8 

52,-, 

29 

28,4 

05,7 

89 

87>F 

17,4. 

49 

146,1 

29,1 

09 

205,0 

40,8 

69:267,8 

52,5 

3° 

*9-4 

°5-9 

90 

88,3 

17,6 

5° 

1 47. 1 

29,3 

10 

2°5,9 

41, Cl 

70.264,8 

52,7 

31 

30,4 

06,0 

9i 

89,2 

i7,S| 

'51 

148,1 

29,5! 

21  I 

206,9 

41,2: 

(271  265,8152,9 

22 

31  4  06  2 

9  2 

90,2 

i8>° 

52 

149,1  29,7 

12 

207,9 

41,4! 

1  72  266,7 

5  3> 1 

33 

32,4 

00,4 

93 

91,2 

1  S,i 

53 

150,0,29,91 

13 

208,9 

41,6 

|  73:267,7 

53,3 

34 

33,3 

06,6 

94 

92,2 

18,3 

54 

151,0 

3°,c 

14 

209,9! 

41,8 

74*268,7 

53»5 

35 

34,3 

06,8 

95 

93,2 

18,5 

55 

152,0 

30,2! 

i  13 

210,8 

42,0 

75*269,7 

53,7 

36 

3  5;  3 

07,0 

96 

94)i 

18,7 

56 

1^53,0 

3°,4| 

16 

211, 8 

42,1 

76  270,7 

53,9 

37 

35,3 

07,2 

97 

95>i 

18,9 

57 

154»° 

30,6 

17 

212,8 

42,311  77:271,6 

54,3 

38 

37.3 

07,4 

98 

96,1 

19,1 

58 

'54,9 

30,8 

,s 

213,8 

42, 5  i 

"8*272,6 

54,2 

39 

38  2 

07,6 

99 

97,i 

19,3 

59 

J55>9 

31,01 

19 

214,S 

42,7  I 

79  273,6 

54,4 

40 

39-2 

07,8 

ICC 

98,1 

19-5 

6c 

156,9 

31,2] 

20 

215,7 

42,9! 

|  80,274,6 

54,6 

41 

40,2 

08,0 

IOI 

99,i 

19,7 

161 

*5",9 

3D4 

*221 

216,7 

43,' 

281  275,6:54,8 

42 

41,2 

08,2 

C2 

100,0 

«9)9 

62 

158,9 

3i,6 

22 

217,7 

43,3 

82  276,5155,0 

43 

42,2 

08,4 

03 

ior,o 

20,1 

63 

159,8 

31.8 

-  23 

218,7 

45  >5 

!  83(277,5 

55,2 

44 

43>2 

08,6 

c4 

I02,C 

20,3! 

160,8 

32,0 

i  24 

21 9,7 

43,7 

|  84  278, 5 

55-4 

45 

44,1 

oS,8 

°5 

103,0 

20,5 

65 

161, 8 

32,2! 

1  25 

220,6 

43,9 

i  85,279,5 

46 

45,1 

09,0 

06 

104,0 

20,7  ! 

!  66  162,8 

32,4. 

|  26 

221,6 

44,' 

86*280,5 

55,8 

47 

46. 1 

09,2 

07 

104,9 

20,9! 

6? 

163,8 

32,6; 

;  27 

222,6 

44,3 

87281,5 

56,0 

48 

47-i 

09,6 

c8 

105,9 

21,1' 

68 

164,7132,8 

28 

223,6 

44-5 

88*282,4 

56,2 

49 

48,1 

09,6 

09 

106,9 

21,3 

j  69 

165,7 

33, °| 

29 

224,6 

44,7 

89  282,4 

56  4 

5° 

49,° 

09  8 

IO 

107,9 

2I,5| 

70 

166.7 

33-2 

30 

225,6 

44,9 

90:284,4 

56,6 

Si 

50,0 

10,0 

HI 

108,9 

21.7 

1 1 7 1 

167,7 

33v 4 

231 

226,5  45-1 

291:285,4 

56,8 

5i 

51,0 

10,1 

12 

109,8 

21,9 

72 

1 60.71 3  3  >^>  1 

32 

227,5 

45,3 

92:286,4 

57>° 

53 

52° 

10,3 

13 

1  io,s 

22, C  t 

73 

169,7, 

33>®| 

33 

228,5 

45-5 

93  287,3 

5  7 -.2 

54 

53,0 

10,5 

14 

iii,8 

-2,2 

74 

170,6 

34,0 

34 

229,5 

45,7 

j  94,288,3 

57,4 

53  9 

10,7 

1 5 

1 12, Sj 

22,4 

/  3 

171,6 

34,1 

35 

23°>5i45>9 

931289,3 

57,6 

56 

34-9 

10,9 

16 

113,8 

22,6 

76 

172,6 

34,3  i 

36 

23D4 

46,0 

96^90,3 

57,8 

57 

55-9 

11, 1 

i7 

H4,7 

22,8 

77 

173,6 

34,5 

37 

232,4  46,2 

97  291,3 

58,0 

58 

'6>9 

11. 3 

iS 

1 1 5.7 

23,0 

78 '174,6 

34,7 1 

38 

233,4 

46,4 

98  292,2 

58,1 

59 

57,9 

'i-5 

19 

116,7 

23>2 

79 

175,5(34,91 

39 

234,446,6; 

j  99*293,2 

58,3 

60 

58.8 

'17 

2C 

H7,7 

23,4! 

80 

176,; 

35>i 

40 

235,4146, Si 

300;  294,2 

58,5 

Dift 

Dep 

Lit. 

Diit|  Dep. 

Lat. 

Dift 

Dep. 

Lat.| 

Dift 

Dep.  | 

LatJ 

Dift  Dep. 

Lar. 

i  for  7  Points.  I 


Difference  of  Latitude  and  Departure  for  Point. 


Did 

Lit. 

Dep. 

Did 

Lat. 

Dep. 

Did 

Lit. 

Dep. 

Did 

Lat. 

Dep. 

Did 

Lat. 

Dep. 

I 

01,0 

00,2 

6l 

59,2 

14,8 

1 2  I 

H7,4 

29,4 

i  S  i 

175,6 

44,o 

241 

233,8 

58,6 

2 

01,9 

00,5 

62 

60,1 

15,1 

22 

118,3 

29,6 

Sz 

176,5 

44,2 

42 

234,7 

58,8 

3 

02,9 

00,7 

63 

61,1 

15,3 

23 

II9-3 

29,9 

83 

177,5 

44,5 

43 

235,7 

59,o 

4 

°3>9 

01,0 

64 

62,1 

15,6 

24 

120,3 

30,1 

84 

178,5 

44,7' 

44 

236,7 

59,3 

5 

04,9 

01,2 

65 

63,1 

15,8 

25 

121,3 

3°, 4 

85 

179,5 

45,o 

45 

237,7 

59,5 

6 

05,8 

01,5 

64,0 

16,0 

26 

122,2 

30,6 

86 

180,4 

45,2 

46 

238,6 

59,8 

7 

06,8 

01,7 

67 

65,0 

j6,3 

27 

123,2 

3°,  9 

87 

181,4 

45,4 

47 

239,6 

60,0 

8 

07,8 

01,9 

68 

66,0 

16,5 

28 

124,2 

3i,i 

88 

182,4 

45-7 

48 

240,6 

60,3 

9 

08,7 

02,2 

69 

66,9 

16,8 

29 

125,1 

31-3 

89 

183,3 

45,9 

49 

241,5 

60,5 

IO 

°97 

02,4 

70 

67,9 

17,0 

3° 

126,1 

31,6 

90 

184,3 

46,2 

5° 

242.5 

60,7 

II 

10,7 

02,7 

71 

68,9 

17,3 

131 

127,1 

31,8 

191 

185,3 

46,4 

251 

243,5 

61,0 

12 

ii,6 

C2,9 

72 

69,8 

17,5 

32 

128,0 

32,1 

92 

186,2 

46,7 

52 

244,4 

61,2 

13 

12,6 

03,2 

73 

70,8 

17,7 

33 

129,0 

32,3 

93 

187,2 

46,9 

53 

245,4 

61,5 

13,6 

°3>4 

74 

71,8 

18,0 

34 

130,0 

32,6 

94 

188,2 

47,i 

54 

246,4 

61,7 

!5 

14,6 

03,6 

75 

72,8 

18,2 

35 

131,0 

32,8 

95 

189,2 

47,4 

5i 

247,4 

62,0 

16 

1 5>  5 

°3,9 

76 

73,7 

18,5 

36 

131,9 

33,o 

96 

190,1 

47,6 

56 

248,3 

62,2 

17 

16,5 

04,1 

77 

74,7 

18,7 

37 

132,9 

33>3 

97 

191,1 

47,9 

57 

249,3 

62,5 

l8 

t7>5 

04,4 

78 

75,7 

19,0 

38 

133,9 

33,5 

98 

192,1 

48,1 

58 

250,3 

62,7 

*9 

iS,4 

04,6 

79 

76,6 

19,2 

39 

134,8 

33,8 

99 

193,0 

48,4 

59 

251,2 

62,9 

20 

:9>4 

04,9 

80 

77,6 

19,4 

40 

135,8 

34>o 

200 

194,0 

48,6 

60 

252,2 

63,2 

21 

20,4 

05,1 

81 

78,6 

19,7 

141 

136,8 

34,3 

201 

195,0 

48,8 

261 

2  53,2 

63,4 

22 

21,3 

°5>3 

82 

79,5 

19,9 

42 

137,7 

34,5 

02 

195,9 

49,i 

62 

2  54,1 

63-7 

43 

22,3 

05,6 

83 

80,5 

20,2 

43 

138,7 

34,7 

03 

196,9 

49,3 

63 

255,1 

63,9 

24 

23>3 

05,8 

84 

81,3 

20,4 

44 

139,7 

35>° 

04 

'97,9 

49,6 

64 

256,1 

64,2 

25 

24)3 

06;  I 

85 

82,5 

20,7 

45 

140,7 

35,2 

05 

198,9 

49,8 

65 

257,1 

64,4 

26 

25,2 

06,3 

86 

83,4 

20,9 

46 

141,6 

35,5 

06 

199,8 

5°,i 

66 

258,0 

64,6 

27 

26,2 

c6,6 

87 

84,4 

21,1 

47 

142,6 

35-7 

07 

200,8 

50,3 

67 

259,0 

64,9 

28 

27,2 

06,8 

88 

85,4 

21,4 

48 

143,6 

36,0 

08 

201,8 

5°, 5 

68 

260,0 

65,1 

29 

28,1 

07,0 

89 

86,3 

21,6 

49 

144,5 

36,2 

09 

202,7 

50,8 

69 

260,9 

65,4 

3° 

29,1 

°7,3 

90 

87>3 

21,9 

5° 

145,5 

36,5 

IO 

203,7 

51,0 

70 

261,9 

65,6 

3i 

3°,  i 

07,5 

9i 

88,3 

22,1 

r5x 

146,5 

36,7 

2 1 1 

204,7 

5i,3 

271 

262,9 

65,9 

32 

3J,° 

07,8 

92 

89,2 

22,4 

S2 

*47,4 

36,9 

12 

205,6 

5L5 

72 

263,8 

66,1 

33 

32,0 

08,0 

93 

90,2 

22,6 

53 

148,4 

37,2 

13 

206,6 

51,8 

■  73 

264,8 

66,3 

34 

33.0 

08,3 

94 

91,2 

22,8 

54 

149.4 

37,4 

14 

207,6 

^2,0 

74 

265,8 

66,6 

35 

34,o 

08,5 

95 

92,2 

23,1 

55 

150,4 

37,7 

15 

208,6 

52,2 

75 

266,8 

66,8 

36 

54,9 

08,7 

96 

93,i 

23,3 

56 

151,3 

37,9 

l6 

209,5 

52,5 

76 

267,7 

67,1 

37 

35,9 

09,0 

97 

94, 1 

23,6 

57 

152,3 

38,2 

17 

210,5 

52,7 

77 

268,7 

67,3 

38 

36>9 

09,2 

98 

95>i 

23,8 

58 

"53,3 

38,4 

18 

211,5 

53,0 

78 

269,7 

67,6 

39 

37,8 

09,5 

99 

96,0 

24,1 

59 

154,2 

38,6 

19 

212,4 

53,2 

79 

270,6 

67,8 

40 

38,8 

09,7 

ICO 

97,o 

24,3 

60 

155,2 

38.9 

20 

213.4 

53,5 

80 

271,6 

68,0 

4i 

39,8 

ro,o 

101 

98,0 

24,5 

l6l 

156,2 

39,i 

221 

214,4 

53,7 

28  I 

272,6 

68,3 

42 

4°,  7 

10,2 

02 

98,9 

24,8 

62 

i57,i 

39,4 

22 

2i.5,3 

53,9 

82 

273,5 

68,5 

43 

4!>7 

10,4 

°3 

99,9 

25,0 

63 

158,1 

39-6 

23 

216,3 

54,2 

83 

274,5 

68,8 

44 

42,7 

10,7 

04 

TOO,  9 

25,3 

64 

159-1 

39,9 

24 

217,3 

54,4 

84 

275,5 

69,0 

45 

43,7 

JO, 9 

°5 

101,9 

25,5 

65 

160,1 

40,1 

25 

218,3 

54,7 

85 

276,5 

69,3 

46 

44, 6 

11,2 

c6 

102,8 

25,8 

66 

161,0 

40,3 

26 

219,2 

54,9 

86 

277,4 

69,5 

47 

45.6 

11,4 

07 

103,8 

26,0 

67 

162,0 

40,6 

27 

220,2 

55,2 

87 

278,4 

69,7 

48 

46,6 

Ji>7 

08 

104,8 

26,2 

68 

163,0 

40,8 

28 

221,2 

55,4 

88 

279,4 

70,0 

49 

47,5 

11,9 

09 

105,7 

26,5 

69 

163,9 

41,1 

29 

222,1 

55,6 

89 

280,3 

70,2 

5° 

48,5 

12,2 

10 

100,7 

26,7 

70 

164,9 

4L3 

30 

223,1 

55-9 

90 

281,3 

70,5 

51 

49,5 

12,4 

m 

!°7,7 

27,o 

171 

165,9 

41,6 

23I 

224,1 

56,1 

29I 

282,3 

7°, 7 

5  2 

5°,4 

12,6 

12 

108,6 

27,2 

72 

166,8 

41,8 

32 

225,0 

56,4 

92 

283,2 

71,0 

53 

5M 

12,9 

13 

109,6 

27,5 

73 

167,8 

42,0 

33 

226,0 

56,6 

93 

284,2 

71,2 

54 

52>4 

13, 1 

14 

ijo,6 

27,7 

74 

168,8 

42,3 

34 

227,0 

56,9 

94 

285,2 

7D4 

55 

53,4 

13,4 

15 

in, 6 

27,9 

75 

169,8 

42,5 

35 

228,0 

57>i 

95 

286,2 

7i,7 

56 

54>3 

13,6 

16 

112,5 

28,2 

76 

170,7 

42,8 

36 

228,9 

57,3 

96 

287,1 

7L9 

57 

55,3 

1 3,9 

*7 

1I3>5 

28,4 

77 

171,7 

43>o 

37 

229,9 

57,6 

97 

288,1 

72,2 

58 

56>3 

14,1 

l8 

U4,5 

28,7 

78 

172,7 

43,3 

38 

230,9 

57,8 

98 

289,1 

72,4 

59157,2 

14,3 

J9 

U5,4 

28,9 

79 

173,6 

43,5 

39 

231,8 

5S,i 

99 

290,0 

72,7 

60  58,2 

14.6 

20 

116,4 

29,2 

80 

174,6 

43,7 

4C 

232,8 

58,3 

300 

291,0 

72,9 

Dirti  Dep. 

Lat. 

Did 

Dep. 

Lat. 

Did 

Dep. 

Lat. 

Did 

Dep. 

Lat. 

Did 

Dep. 

Lat. 

for  6|  Points. 

Difference  of  Latitude  and  Departure  for  i  \  Point. 


Dift,  Lat. 

Ucp.l 

U.it 

Lar. 

Ucp.l 

Dill  Lai. 

Dep. 

D  ft 

La-.  ; Dep. ! 

Dift 

Lor. 

Dep. 

' 

01,0: 

00,3] 

6 1 1 

58,4 

*7,7 

121  j  1  15,8 

,5>l; 

181 

*7  3,2  52.5, 

241 

230,6 

69,9 

2 

01,9' 

00,6 

6zj 

59,3 

1 15,o  | 

22 1  1 16,3 

35  4 

82 

*74, 2(52, 3 

42  231,6 

70,2 

3 

02,9- 

OO  9! 

60,3 

‘8,3 

13*17, 7 

35-7. 

83 

*75,*  53>* 

43(232,5 

70,5 

4 

03  8 

0  j  ,2! 

64 

61,2 

18,6 

24;'  8,7136,0, 

84 

*76,1 1 53,4 

:  44,233,5 

70,8 

5 

04,8 

Cl. sl 

65! 

62,2 

18,9 

25  119, 6 

3°, 3i 

85 

*77.0(53,7, 

1  A  C 

234,5 

71,0 

6 

°5-7 

OI»7 

6>! 

63,2 

'9,' 

26:  120,6 

36,5 

86 

178,0,53.9 

,  46 

235,4 

7L3 

7 

06,7; 

02  O 

67] 

64,1 

Ho  4 

27|'2',5 

36,8. 

87 

179, o|  54,2, 

!  4 7 

236,4 

71,6 

8  07,7 

C2>3 

68 

63 1 

'9,7 

28  122,5 

37,* 

j  8c 

'79>9!54>5i 

4»  237,3 

71,9 

9 

o3,6, 

02 .6 

69 

66,o 

20,  r 

9  'i3>5 

37,4: 

89 

t2c,g' 54  3j 

49 

’38,3 

’2,2 

IO 

09.6 

02  9I 

70 

67,0' 

20,3 

30)  124.4 

37,7' 

9c 

m.  8155,1, 

1  5° 

239,2 

72.5 

1  1 

10,5' 

03,2 

7 1 

67,9 

20,6 

.13*  125,4 

38,0, 

I191 

1  &2,S.  5  5  4. 

25. 

24c, 2 

72,8 

12 

'*>5 

°3  5 

72 

68,0 

20,9 

S2  '26,3 

I  92 

*83,7155,71 

'  52 

73»> 

>3 

12,4; 

03,8 

73: 

69  9 

21," 

33 !  '27>3 

38  6, 

1  93 

*84,7156,01 

53 

242.1 

73,4 

14 

13  41 

04,1 

74 

70,8 

21,5 

34(128,2 

38,9 

94 

>85,:  56  3 

1  54 

243,1 

73.7 

1 5 

14.4  04,4 

75. 

71.8 

2  - 

35  '’9'2 

39-2 ; 

95 

186,6,  5  ,6 

55 

244,0 

74,o 

l6 

15  3  04.6 

76 

72,7 

22,0 

36  ;  30,2 

39’4' 

96 

187,6!  56, 3| 

1  56 

245.0 

74,2 

*7 

'6,3  04,9 

77 

73,7) 

22,3 

37  '■}'>' 

39,7  j 

!  97 

*88,5(57,1 

!  57 

245,9 

74,5 

18 

1 7>2 1 03, 2 1 

78 

74-6 

22, 6| 

58(132,1 

4°,°: 

98 

J  ^S>  5  j  57, 4  j 

!  5« 

246,9 

7+> 

>9 

18,2:05,5! 

79 

75-6 

22.  Cj 

1  39!  *33>°|4c,3i 

!  99 

*9C,4  57,7 , 

1  69 

247,9 

75,* 

20 

1 9. 1 1 0  5  S [ 

!  80 

76,6 

2  3,2  | 

|  401134,0 

40,61 

.200 

I9i,4  58,0! 

60 

248,8 

-‘>4 

21 

20,1 

06,1 1 

8. 

77,5 

23.5 

14*  1 1 34,9 

40,9 

1201 

1  9z>*r  j  5^'  3 

261 

249,8 

7  5*7 

22 

21,1 

06,4 

82 

78,5 

23>8| 

42 j  ','.9 

4*,2| 

j  C2 

'93,3j58,6| 

62 

250,7 

7  6.c 

7  « 

22,0 

c6  7 

83 

79>4 

24,1 

1  45  150,9 

4', 5 

1  °3 

*94,3  58,9 

1  63 

25',' 

76,3 

24. 

23,0 

c;,c 

84 

80,4 

24.4 

1  441*37,8 

41, s| 

1  04 

*95. 2(39,2! 

64 

252,6 

76,6 

25 

23,9  °7-- 

8s 

81,3 

24,7 

;  451*38,8 

42,) 

i  O; 

196,21 59,5! 

65 

253,6 

76,9 

26 

24.9  °7,5 

86 

82,3 

24, Ql 

t  4-6  139,? 

42,^1 

j  t6 

*97,1  59,7| 

66 

254,6 

77,1 

27 

23 .  S3  [07,8  { 

?7 

83,3 

25,2 

47! '40,7 

42,6; 

;  07 

198,i|6o,Oi 

67 

255,5 

77>4 

2S 

26,8 1  o3, 1 1 

88 

84,2 

z  5*  5 1 

1  4»  1 141,6 

42,9 

i  08 

199,1  60,3, 

68 

256,5 

77,7 

29 

27, S  08,4! 

89 

8s  2 

25,8' 

!  49  142,6  45,2 

c9 

200,0!  60,6 1 

69 

257,4 

78,0 

30 

28,7 

oS>-| 

90 

86.1 

^,1 

|  5°|*43,5 

43,5  ■ 

10 

201,0(60,9 ! 

70 

258.4 

78,3 

3' 

29>7 

CQ,o| 

9' 

87,1 

26,4! 

'5'  t*44, 5 

43  S 

21  J 

201,9(61,2 

27* 

259,3 

78.6 

32 

30,6 

00,'  1 

9- 

8?,o 

26,7 ' 

521.45,5 

44,1 ! 

I  12 

202,9  61,5 

72 

260,3 

78,9 

33 

3'»6 

09,6. 

93 

89  0 

27,0 

!  S3;  146,2  44,4 

13 

203,3  61, S; 

73 

261,3 

79,2 

34 

32>5 

09,9. 

94 

90,0 

27,3 

54  147-4 

44>7 1 

14 

204,8  j  62, 1 

74 

262,2 

79,5 

35 

33.5 

JO. 2 

95 

90,9 

27.6 

1  55  148,7145.0! 

*5 

205.8162,4: 

I  75 

263,2 

i79<8 

36 

1 34,5 

i°.4! 

90 

9', 9 

27,8 

S6  *49,3 

45,21 

j  it  206,7  02,6' 

76 

264.1 

rjo.o 

35,4 

Ic>,7  j 

1  97 

52,8 

28,1' 

1  57:  '5°>2 

45>5 1 

!  *7 1 207  7 ;  62,9  j 

77 

265,1 

80,3 

3 8  36.-4 

".0 

I  98 

93,8 

28,4 

1  58  I5',2 

45>8( 

[  iS|2cS, 6(63,2] 

78 

266,0 

8°, 6 

39 

37,5 

1  '.t! 

99 

94-7 

28,7 

59)  152,2 

46,1  j 

192096.63,5] 

'  79 

267,0 

8c, 9, 

40 

38>3 

1 1,6: 

!  icc 

95,7 
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178,2 

95.2 

62 

23'>Ij'23,4 

23 

20,  s 

10,8 

83 

73>2 

39,1 

43 

126,1 

67,4 

03 

179,0 

95>6 

63 

232,0^23,9 

24 

21,2 

u»3 

84 

74,i 

39,6 

44 

127,0 

67,8 

04 

179,9 

96,1 

64 

232,8  124,4 

2c 

22,1 

1  i,S 

8  5 

75>° 

40,1 

45 

I27>9 

68,3 

°5 

180,8 

96,6 

65 

233,7  124,9 

26 

22,9 

12,3 

86 

75.9 

40,5 

46 

128,8 

6S,S 

c6 

181.7 

97,i 

66 

234,6  '25,3 

27 

23,8 

12,7 

87 

76)? 

41,0 

47 

129,6 

69,31 

07 

182,6 

97,5 

67 

235,5!  125,8 

28 

24,7 

13,2 

88 

77)6 

4'>5 

48 

r3°>5 

69,7 , 

08 

'S3, 5 

98,0 

1  68 

256,4;  126,3 

29 

25.6 

r3>7 

89 

78,5 

4i)9 

49 

*3I)4 

70,2 

09 

184,3 

98)5 

69 

237,31126,7 

30 

26,5 

14,1 

90 

7°>4 

42,4 

5° 

r32,3 

70.7 

JO 

Ib5  2 

98,9 

■JO 

238,/  [  127,2 

31 

27.3 

14,6 

91 

80,3 

42>9 

I51  lJ33>2 

7',' 

21 J 

186,1 

99,4 

271 

239,0  127,7 

32 

28,2 

15.1 

92 

81,1 

43)4 

52 

1 34>  1 

71,6 

12 

,187,0 

99.9 

:  72 

239,9  128,2 

33 

29,1 

15.5 

93 

82,0 

43-8 

53 

I34,9 

72,1: 

13 

187,9 

100,4 

1  73 

240,8  128,6 

34 

30,0 

)  6,0 

94 

82,9 

44,3 

54 

'35>8 

72>6; 

14 

188,7 

100,8 

;  74 

241,7  129,1 

35 

3°>9 

16, 5 

95 

8  3)8 

44)8 

55 

136)7 

73, °| 

J5 

189,6 

101,3 

;  75 

242,5!  129,6 

36 

31,8 

I7»° 

96 

84>7 

45.2 

56 

137.6 

73,5, 

l6 

190,5 

ioi,S 

1  76 

243,4  130,0 

37 

32,6 

1 7)4 

97 

85,6 

45.7 

57 

138,5 

74,c  1 

17 

191,4 

102,2 

77  244,3;  '30,5 

38 

33>5 

'7>9 

98 

86,4 

46,2 

58 

'39)4174,4 

iS 

»92,3 

102,7 

245,2 .131,0 

39 

34.4 

18,4 

99 

87)3 

46.6 

59  140,2  74)9 1 

19 

'93,2 

103,2 

79  240,1  131,5 

40 

35-3 

18,8 

TOO 

88,2 

47) « 

60 

I4I<I 

75,4| 

20 

194,0 

‘03,7 

;  80  24  7,0  131,9 

41 

36,2 

19,3 

IOI 

89,1 

47)6 

161 

142,0^75,9 

'94-9 

IO4.I 

281 

247,8  132,4 

42 

37,0 

19,8 

02 

90,0 

48, 1 

•  62 

142, 9, 

76,3; 

22 

195,8 

104,6 

82 

248,7  132,9 

43 

37,9 

2-^3 

°3 

9°)8 

48)5 

63 

143,8 

j 

I  23 

196,7 

105,1 

»3  249,6  133,3 

44 

38,8 

20,7 

04 

9h7 

49-0 

64 

'44,6  77,3: 

24 

197,6 

?°5>5 

84 

25°)5  133,8 

45 

39.7 

21,2 

°5 

92,6 

49.5 

6  5 

145»5 

77,7 

25 

198,4 

106,0 

85 

25', 4  134,3 

46 

40,6 

2 1)7 

c6 

93>5 

49)9 

66 

146,4,78,2 

26 

'99,3 

106,5 

86 

252,3  '34,8 

47 

4r>5 

22,1 

°7 

94)4 

50,4 

67]  147,3 1 

7  j 

27 

200,2 

107,0 

S? 

253,1,135,2 

48 

42>3 

22,6 

oS 

95.3 

5C>9 

68  148,21 

79,2  j 

28 

201,1 

107,4 

SS 

254>°  ‘35,7 

49 

43. 2 

23)1 

09 

96,1 

5  r>4 

69  149,1! 

79,6 

29 

202,0 

107,9 

89 

254,9  136,2 

S° 

44>i 

23,6 

IO 

97)0 

5i>S| 

7c|  *49>9 1 

So,  I 

3°, 

202-9 

ic8  - 

9° 

215,8  136,6 

51 

45° 

24,0 

III 

97)9 

52>3 

i/i. 

*5°, 8, 

Sc,6| 

231 

203,7 

10$, 8 

291 

256)7  137, 1 

52 

45’9 ! 

24>5 

12 

98,8 

52, 8 

72! 

r5  ',7  ■ 

8i,0| 

H 

204,6 

109,3 

92 

257, 5 137,6 

S3 

46,71 

25,0 

13 

99>7 

53>2 , 

75 1 

152,6 

S  1,5 1 

33 

205,5 

109, 8 

93!25»)4  138,1 

S4l47.6 ; 

25  4 

'4 

ICO,  4 

5  3  >7 

74 

' 5  3»5 , 

82,0 1 

34i 

20-6,4 

110,3 

94 

259,3:i38,5 

ssi 

48.5 

2  5»9  j 

1 5 

101, 41 

54)2 

75 

i54,4| 

82,5 

35  i 

207,3 

110,7 

!  95 

260,2' 139,0 

56 

49>4 1 

26,4; 

l6 

102,3 

54)7 

76; 

1 55> 2 

82, 9| 

36| 

208,2 

I  I  1,2 

96 

26i,r|  139,5 

57 

50.3 

2fi’9, 

17 

103,2 

55»' 

77! 

156.1,83,4; 

K\ 

2C9,o! 

1 11,7 

97 

262,c|i39,9 

53 

51,2 

27,31 

iS 

1 04, 1 

55  6 

"Sj 

i57,°is3,9l 

38 

209*9  | 

1 12, 1 

98 

262,8  140,4 

59 

52,0 

z7)8. 

19 

105,0 

56  1 

79 

'57,9 

84,3 

39 

210,8  ; 

1 12,6 

99 

2fij’7  140,9 

CO 

52,9 ' 

28. 3 . 

20 

105,  S 

56. 5 

|  So 

1 58,8 , 

84,8 , 

40 

211,7  ! 

1 13,1 

3°°l 

264,6]  141,4 

Dirt 

Dep.  |  Lat  j  1 

Dirt! 

Dep. 

Lai. 

[D.rt| 

Dep.  [ 

Lat. 

Dirt 

Dep.  j 

La:. 

D:il| 

Dep.  |  Lat. 

. 

for  5!  Points. 

Difference  of  Latitude  and  Departure  for  2|  Point. 


Dift 

Lat. 

Dep. 

Dift;  Lat. 

Dep. 

Dift 

JLat. 

Dep. 

Dift 

Laf. 

Dep. 

Dift 

Lar. 

Dep. 

I 

00,9 

00,6 

6l 

52,3 

3'. 4 

III 

103,8 

62,2 

1 8 1 

1 45,2 

93,o 

241 

206.7 

123, t 

2 

01,7 

01,0 

62 

53)2 

3  *)9 

22 

104,6 

62,7 

82 

156,1 

93,5 

42 

207.6 

124,4 

3 

02,6 

01,3 

63 

54>o 

32,4 

23 

I05.5 

63,2 

83 

157,0 

94,o 

43 

208,4 

124,9 

4 

°3>4 

02,1 

64 

54)9 

32,9 

24  306,4 

63,7 

84 

157, 8 

94,6 

44 

209,-3 

125,4 

5 

°4>3 

02,6 

65 

55.8 

33.4 

25 

*07,2 

64,2 

85 

158,7 

95,i 

45 

210,1 

'  25,9 

6 

05,1 

03,1 

(T5 

56,6 

33.9 

26 

108,1 

64,8 

86 

'59,5 

95,6 

46 

21  1,0 

126,4 

7 

06,0 

03,6 

67 

57.5 

34,4 

27 

108,9 

64>3 

.  87 

160,4 

96,1 

47 

2  I  1,9 

126  9 

8 

06,9 

04,1 

6S 

58>3 

35.0 

28 

109,8 

65.8 

88 

161,2 

96,6 

48 

212,7 

127,4 

9 

°7>7 

04,6 

69 

59.2 

35.5 

29 

1 10,6 

66,3 

89 

162, 1 

97,1 

49 

21  ,6 

128,0 

IO 

08,6 

05,1 

70 

6o,o 

36.0 

30 

111,5 

66,8 

90 

163,0 

97,6 

5° 

214,4 

128,5 

1 1 

°9’4 

°5>7 

71 

60,9 

36-5 

131 

112,4 

67,3 

191 

163,8 

98,2 

251 

215,3 

129,0 

12 

10,3 

06,2 

72 

61,8 

37>° 

32 

113,2 

67, S 

92 

164,7 

98,7 

52 

216,1 

129,5 

13 

I  1.2 

06,7 

73 

62,6 

37. 6 

33 

114,1 

68,4 

93 

'65,5 

99,2 

53 

217,0 

130,0 

J4 

12,0 

07,2 

74 

63-5 

38,0 

34 

114.9 

68,9 

94 

166,4 

99,7 

54 

217,9 

^130,5 

ll 

12)5 

°7>7 

75 

64>3 

38,6 

35 

114,8 

69,4 

95 

'67,3 

100,2 

55 

2i3,7 

I  ^1,0 

l6 

23.7 

oS,2 

76 

65,2 

39.1 

3b 

116,6 

69,9 

96 

168. 1 

'00,7 

56 

219,6 

131,1 

17 

14,6 

08,7 

77 

66,0 

39.6 

37 

H7>5 

7°,4 

97 

169,0 

101,2 

57 

220,4 

132,1 

18 

15.4 

09.3 

7s 

66,9 

40,3 

38 

118,4 

70,9 

98 

169,8 

101,8 

58 

221,3 

132,6 

J9 

16,3 

09, S 

79 

67,8 

40,6 

39 

119,2 

7L4 

99 

170,7 

102,3 

59 

222, J 

133,1 

20 

17,2 

io,3 

80 

68,6 

41.1 

4o. 

120, i 

72,0 

200 

171,5 

102,8 

60 

223,0 

133,6 

21 

iS,o 

10,8 

81 

69>5 

41,6 

141 

120,9 

72,5 

201 

172,4 

i°3,3 

261 

223,9 

134,1 

22 

^  2,9 

”»3 

82 

7°.  3 

42,2 

42 

121,8 

73>° 

02 

173,3 

103,8 

62 

224,7 

134,6 

23 

19.7 

1 1,8 

83 

71,2 

42.7 

43 

122,7 

73,5 

°3 

174,1 

,-04,3 

63 

225,6 

135,2 

24 

2  Oj  0 

'2,3 

84 

72,0 

43.2 

44 

123,5 

74,° 

04 

175,0 

104,8 

64 

226,4 

1 35,7 

25 

21,4 

12,9 

85 

72.9 

43-7 

45 

124.4 

74,6 

05 

175, 8 

105,4 

65 

227,3 

136,2 

26 

22,3 

13,4 

8t) 

73.8 

44,2 

46 

12  5,2 

75,o 

c6 

1 7  6,7 

105,9 

66 

228,1 

136,7 

2? 

23,2 

13)9 

87 

74.6 

44.7 

47 

120,1 

75,6 

07 

177,5 

106,4 

67 

229,0 

!37>2 

28 

24,0 

14.4 

88 

75)5 

45.2 

48 

126,9 

?6,i 

08 

178,4 

106,9 

68 

229,9 

137,7 

29 

24,9 

i4>9 

89 

76.3 

45.7 

49 

127,8 

76,6 

°9 

179,3 

107,4 

69 

230,7 

138,2 

30 

25>7 

1 5>4 

90 

77,2 

46>3 

5° 

128,7 

77,i 

IO 

180,1 

107,9 

70 

231,6 

138,8 

31 

26,6 

15)9 

9i 

78> 1 

46, S 

*5* 

229.5 

77,6 

2  1 1 

181,0 

108,4 

271 

232,4 

139,3 

32 

27,4 

16,4 

r- 

78>9 

47.3 

52 

130,4 

78,1 

12 

181,8 

109,0 

72 

233,3 

139,8 

33 

28,3 

i7)° 

93 

79’8 

47.8 

53 

131.2 

78,6 

13 

182,7 

109,5 

73 

234,2 

140,3 

34 

29,2 

i7>5 

94 

8o,6 

48,3 

54 

132,1 

79,i 

14 

1 8  3, 5 

1 10,0 

74 

235,0 

140,8 

33 

30,0 

18,0 

95 

81,5 

48.3 

55 

132,9 

79,7 

15 

184,4 

110,5 

75 

235,9 

141,3 

36 

3°>9 

18,5 

96 

82,3 

49.3 

56 

1 3  3.8 

80,2 

l6 

184,3 

III.O 

76 

236,7 

141,8 

37 

3r>7 

19,0 

97 

83,2 

49.9 

57 

134,7 

80,7 

17 

186,1 

1 1 1,6 

77 

237,6 

142,4 

38 

32,6 

I9>5 

98 

84,1 

50.4 

58 

135,5 

81,2 

18- 

187,0 

I  12,0 

78 

238,4 

142,9 

39 

33’5 

20,0 

99 

8h,6 

5°>9 

59 

136,4 

81,7 

19 

187,8 

142,6 

79 

239,3 

143,4 

40 

34’  3 

20  6 

ICO 

85,8 

5'.4 

DO 

'37,2 

8  jr,  2 

20 

188,7 

II^,! 

80 

240,2 

143,9 

4i 

35>2 

2J,I 

01 

86,6 

51.9 

l6l 

138,1 

S2,7 

221 

1 89,6 

113,6 

281 

241,0 

14)3,4 

42 

36)° 

?i,6 

02 

8  7»S 

52,4 

62 

238.9 

8  3  ■  3 

22 

190,4 

H4,I 

82 

24 1  >9 

144,9 

43 

3°>9 

22,9 

03 

80,3 

52,9 

63 

139,3 

83>8 

23 

191,3 

114,6 

83 

242.7 

145,4 

44 

37.7 

22,6 

04 

89,2 

53.4 

64 

140,7 

84>3 

24 

192,1 

115,1 

84 

243,6 

140,0 

45 

38,6 

23>5 

°5 

90,1 

54.0 

65 

141,5 

84>8 

25 

193,0 

115,6 

85 

244,4 

140,5 

46 

39)5 

23,6 

06. 

90.9 

54,5 

65 

'42  4 

853 

26 

193.8 

u6,j 

86 

245.3 

147,0 

40.3 

24,? 

07 

90S 

55,o 

67 

143,2 

8  4, 8 

27 

194,7 

116,7 

87 

246,2 

147-5 

46 

41,2 

24.7 

08 

92,6 

5  5>  5 

68 

i44>i 

86,3 

28 

195,6 

117,2 

88 

247,0 

148,0 

49 

42,0 

25.2 

c9 

93>5 

56,0 

69 

145,° 

86,9 

2Q 

156,4 

H7,7 

89 

247,9 

148,6 

5° 

42.9 

25)7 

I  IO 

94.3 

.56, 5 

70 

145.8 

87,4 

3° 

'97,3 

I  lS,2 

90 

248,7 

149,0 

5' 

43>7 

26,2 

III 

95'2 

57,o 

171 

146,7 

87,9 

231 

19S 1 

118,7 

291 

249,6 

149,6 

52 

44> 6 

26.7 

12 

96,1 

57,6 

72 

147,5 

88,4 

3  % 

199,0 

110,2 

92 

250,4 

150,1 

S3 

45>5 

27)2 

13 

95>9 

58,J 

73 

148,4 

8S,o 

33 

199,8 

H9,7 

93 

251,3 

i  so, 6 

54 

46,3 

27,8 

14 

97.8 

58,6 

74 

149,2 

89,4 

34 

200, 7 

120,  \ 

94 

252,2 

151,1 

55 

47)z 

28,3 

J5 

98,6 

59,i 

75 

I  50,1 

89,9 

35 

201,6 

120,8 

95 

253,0 

151,6 

56 

48,0 

28, 8  | 

l6 

99,5 

59.6 

76 

151,0 

9°,4 

36 

202,4 

121,3 

96 

253.9 

152,1 

57 

4®)9 

29,31 

17 

100,4 

60,1 

77 

151,8 

91,0 

37 

203,3 

121,8 

97 

254,7 

152,6 

5S 

49.7 

29.Si 

iS 

101,2 

60,6 

78 

1  52,7 

9i,5 

38 

204, 1 

122,3 

98 

255.6 

153,1 

59 

50,6 

3°.3‘ 

19 

102, 1 

61,2 

•79 

153,5 

92,0 

39 

205,0 

122,8 

99 

256,5 

1 53,8 

DO 

51)  5 130,0 

20 

102,0 

61,7 

80 

154.4 

92,5 

4c 

205,8 

'23,3 

^  OO 

257,3 

154.2 

Dift 

Dep. 

Lat. ' 

Dift 

Dep. 

Lat. 

Dilt 

Dep. 

Lat. 

D;ft 

Dep.' 

;  at. 

Dift 

D"pf 

Lat. 

[  b  2  j 

~  - : — tt - —  —  r  - ■ — - — - 

for  51  Points, 

Difference  of  Latitude  and  Departure  for  3  Points. 


L».  it  1 


01,7, 


06,7 

07,5 


1 |°9> 


13 

14 

1  c 

16 

J7 

18 

*9 

20 


Dep.  | 

D.ft  L.it.  (Dep. 

00,6  j 

6i)5°,7|33  9 

01,11 

62)51,5  34,4 

0  ',7 

6j|  52,4!  35,° 

02,2) 

64 , 53>2  j  35,6 

02,8 1 

651  54,0136,1 

°37 ; 

66, 54,9)36,7 

03,9 

6'  557,37.2 

04.4 1 

6856,5378 

°j,oj 

69  57,4  38,3 

05,6  ! 

70  58,2  38,9 

c6,i 

7>  :  59-0  39,4 

067 
_ _ 

i  72  >9, 9)400 

O.ft 


L-:-  Dep.  j 
ICC.'j!  6", 2] 
67,8; 
68,3 


T2I 
,  22 
I  z3 

24 

I  15i  - 

I  261104,8 


101,4 
102,3 
103. 1 


1  -  1  70  °> 

27  105,6  70,5! 

28I106.41  yj, \  | 

20  1  107,2  ;  7l,7i 


33»i,o3>9| 

i  32  log, 7 


21 

22 

23 


ii.6;C7  8  I  74  61,5141 


=  8,3! 


75;62,4; 


i3,3jcS,oV  76^3,2 :42 


4 '.7 


14,1  09,4 
15,0  10,0 1 
15,8  ic, 6 1 
1 6,6  j  1 1. 1 1 


77 


>8| 


•7.5, 3I>7  j 
18,3!  12,2 
1 9, 1  12,8  | 

24  20, c  1 3,3 

25  :  20,8  I  3,9 
21,6]  14  4! 
22>4  5S>  I 
23>3  1 5»6 , 
24,1 ,  x  6, 1  ] 

1  r 

24  0  1 6,7 


3' 


7 S  64, S  43*3  ■ 
79;65-7  43. 91 

8c  66,5 144,4 
81  ot.j  145,0 
S2  68,2  45,6 
S3 '69  0:46,1 

54  69,8,46,7 
8;‘70.7 147,2 
86:71, 5147.8 
8?;72,3  48,3 

55  ,73>2  48,9 1 
8^74.o|49,4i 
92;;  4,3;  50.9) 

„  25,8  17,2, ,  9^75,7  50,61 

32  26,6:17,8  |  92176,5] 51,1 
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7  2.  .  i 

Difference  of  Latitude  and  Departure  for  4  Points. 
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266,0 

23,2 

28 

27,9 

02,4 

88 

87,7 

07,7 

48 

'47,4 

12,9 

08 

207,2 

18,1 

68 

267,0 

235,3 

29 

28,9 

02,5 

89 

8S,7 

07  8 

49 

148,4 

13,0 

O9 

208,2 

18,2 

69 

268,0 

23,4 

30 

29,9 

02,6 

QO 

89-7 

07,8 

5° 

149,4 

23,1 

JO 

209,2 

18,3 

70 

269,0 

23,5 

31 

30,9 

02,7 

91 

9°,  7 

07,9 

1 5 1 

i50,4 

13,1 

2  1 1 

210,2 

18,4 

271 

270,0 

23,6 

32 

31  9 

02,  S 

92 

91,6 

08,0 

52 

15I>4 

13,2 

12 

21  1,2 

18,4 

72 

27  Ii° 

23,7 

33 

32>9 

C2,9 

93 

92,6 

08, r 

53 

152.4 

13,3 

13 

212,2 

18,5 

73 

272,0 

23,8 

34 

33>9 

03,0 

94 

93,6 

08,2 

54 

I53>4 

r3>4 

24 

213,2 

18,6 

74 

273,0 

23,8 

35 

34>9 

03,1 

95 

94,6 

08,2 

55 

J54>4 

23,5 

15 

214,2 

18,7 

75 

274,0 

23,9 

36 

35,9 

03,  J 

96 

94-6 

08,4 

S5 

*55-4 

13,6 

l6 

215,2 

18,8 

76 

275,0 

24,0 

37 

36,9 

03,2 

97 

96,6 

08,5 

57 

156,4 

2  3,7 

17 

21  6,2 

18.9 

77 

275,9 

24,1 

38 

37,9 

°3>3 

98 

97, 6 

08,5 

58 

257,4 

23,7 

iS 

217,2 

19,0 

78 

276,9 

24,2 

39 

32,9 

03,4 

99 

98,6 

08,6 

59 

158,4 

13,8 

•  J9 

218,2 

19.1 

79 

277,9 

24,3 

40 

39,8 

03.5 

ICO 

99,6 

08,7 

60 

159,4 

'3,9 

20 

2  JQ,2 

IQ,I 

80 

278,9 

24,4 

41 

40,8 

03,6 

IOJ 

100,6 

08,8 

l6  J 

1 60.4 

14,0 

221 

220,2 

lg,2 

281 

279,9 

24,4 

42 

4J,8 

°3>7 

02 

101,6 

08,9 

62 

161,4 

14,1 

22 

221,2 

■9,3 

82 

280,9 

24,5 

43 

•42,8 

03, S 

°3 

102,6 

09,0 

63 

162,4 

14,2 

23 

222,2 

19,4 

83 

281,9 

24,6 

44 

43," 

02,8 

°4 

103,6 

09,0 

64 

i63,4 

14,3 

24 

223,1 

29,5 

84 

282,9 

24,7 

45 

44,8 

c39 

°5 

104,6 

09,1 

64 

164,4 

14,4 

25 

224,1 

19,6 

84 

283,9 

24,8 

46 

45,' 

04,0 

CO 

105,6 

09,2 

66 

165,4 

»4,4 

26 

225.1 

19,7 

86 

284,9 

24,9! 

47 

46,8 

04,1 

07 

106,6 

09,3 

6? 

166,4 

24,5 

27 

226,1 

19,7 

87 

284,9 

25,0 

48 

47,8 

04,2 

08 

107,6 

09,4 

<58 

167,4 

14,6 

2S 

227,1 

19.3 

88 

286,9 

25,1 

49 

48,8 

°4>3 

c9 

108.6 

°9>5 

69 

168,4 

24  7 

29 

228,1 

19,9 

89 

287.9 

2  5- 1  j 

5° 

49,8 

°4-4 

10 

ioq,6 

09,6 

70 

169,4 

14,8 

7  0 

220,  I 

20,0 

90 

288,9 

ILcj 

51 

50,8 

04,4 

1 1 1 

1  tc, 6 

09,7 

171 

'70,4 

14.9 

231 

230,1 

20,1 

29I 

289,9 

25>3  j 

52 

51,8 

04,5 

12 

111,6 

09>7 

72 

1 7 1 5  3 

290 

32 

231,1 

20,2 

92 

290,9 

25,4, 

53 

52,8 

04.6 

J3 

1 12,6 

09  8 

73 

172,3 

15,1 

33 

232,1 

20,3 

93 

291,9 

25'5  j 

54 

5 

04,7 

14 

113  6 

09,9 

72 

173,3 

'5,1 

34 

233,1 

20,4 

94 

292  9 

25,6. 

55 

54,^ 

04,8  1 

J5 

114,6 

10,0 

75 

‘74-3 

15,2 

35 

234,1 

20,4 

95 

293,9 

*5-7  j 

56 

55, 8 

04,9 

It) 

1 1 5,6 

TO  I 

76 

275,3 

15,3 

36 

235.2 

20,5 

96 

294,9 

25,8 

57 

56,8 

O5  O 

17 

1 16,6 

10.2 

77 

176,3 

,5,4 

27 

236,1 

20,6 

97 

295,9 

25, Sj 

5s 

57, 8 

OJ,I 

iS 

117,6 

10,3 

78 

177,3 

i5,5 

38 

237.1 

20,7 

98 

296,9 

25,9! 

59 

58,8 

05,1 

1 9 

118,5 

10,4 

79 

178,3 

15,6 

39 

238,1 

20,8 

99 

297,9 

26,0 

60 

'9>8I 

C  i.  i 

U~i 

0  : 

20 

nc, 5 

10,4 

8c 

179.3 

25,7 

40  j 

239,1 

20,9 

300 

298,0 

26,1 

Dift 

Dtp. 

Lat. 

Dift 

Dep. 

Lar,  | 

Dili 

Dep. 

Lir. 1 

Dift 

Dep. 

L.  t. 

Dirt 

Dep. 

Lat  j 

I  for  85  Deg. ! 


Dirt,  Lat.  |Dep. 

1  jo  1,0 1 00,  I 

2  C2,C|O0,2 

3  |o3,c 

4i&4>° 

5  i°S>° 

6  !o6,o 
07,0 


Difference  of  Latitude  and  Departurc'for  6  Deg. 


8  08,0 

9  08,9 
10(09,9 


1 1 

12 
>3 

14 

15 

16 

17 


10.9 

11.9 

12.9 
>3,9 
>4,9 
>5.9 

16.9 


00,3 

00,4 

00,5 

00,6 

00,7 

co, 8 

00,9! 

01,0 

01,1 


01,5 

01,6 

01,7 

01,8 

ci,9 

02,0 


18  17,9 

19  18,9 

20  19,9  jC2, 1 
2  1  !  20,9  (02,2 


23 122.9 
24(23.9 
2 ;  (24.9 
26  25.9 
27)26,9 
28(27,8 
29)28,8 
30 


C2,5 

02,6 


02,9 

03,0 


29  8 1 07 , 1 
30,8103 
31  8.03 


33)34.  s'°3>7 
36  3  5,8 1 03,8 


37 

33 

39 

40 


37>3(o4.o 
33,3jo4,: 
39-3|o4,: 
4°,S 


4>  - 

42|4',3 

43  42,8 

44  43.8 

45  44.S 


43(47i7 
49.48,7 
50  49-7 

5>  :-5°>7 
S-  5^7 

53  52,7 

54  53:7 
5554'7 

56:55.7 

5"’i  56>7 

53:57,7 


05> 


06,1 


60  59,7)06, 


Dlt 

Lai.  Dcp. 

Did 

Lat. 

Dcp.  | 

Did 

Lat.  1  Dtp.  | 

(Did 

Lat.  Dcp.  I 

61 

62 

63 

64 

65 
£6 

67 

68 
69 

i  J1 

60,7106,4 

61,7(06,5 

62,7(06,6 

63.6) 06,7 
64,6|  06,8 
65,6(06,9 

66.6) 07,0 

67.6) 07, 1 
6S  6  07,2 
69,6(07,3 

121 

22 

23 

24 

25 
(  26 

27 

28 

29 

1  3° 

>20,3 

121.3 

122.3 

>23.3 

>24.3 

125.3 

126.3 
>27.3 
>28,3 
>29.3 

12,6, 

12,7 

12,9 

>3-0 

>3,1  j 

13,21 

>3,3' 

>3-4 

23»S 

>1.6; 

I  181 
!  82 

!  83 

1  84 
85 

1  86 

'  87 
88 

1  89 

90 

180, o|  18,9 1 
181,0!  19,0! 
182,0  19,1 
183,0  19,2 
'84,0  19,3 
185  oj  19,4' 
186,0)  in,  51 
187,0)19  0; 
188,0: 19, 8| 
189  O'  19  9 

24 1 1-39.7  25,2 
|  42'24CO  2 5,3 
43 124*,7  25.4 

I  44|24i,7  25-5 

1  45 (243>7  25  6 
|  46)244,6(25,- 

4' !  245,6  25,8 
48)246,6)25,9 
49(247,626,0 
5c  248.6;26,i 

7> 

7°>6|°7,4 

1 3 1 

>30,3 

>3,7 

|  >9> 

189,9  20, Oj 

i -5 1 

249,6(26,2 

72 

7i>6|o7,5 

32 

>3>.3 

13, 8| 

92 

190,9  20,1  j 

52  250,6(26,3 

73 

72,6  07,6 

33 

>32.3 

>3,9i 

L  91 

191,9120,2 

1  53 

251,626,  i 

74 

73-6,07,7 

34 

233.3 

>4,o( 

94 

192,9)20,3; 

54 

252,6)26,4 

1  7I 

74  6)07,8 

35 

>34.3 

14.1 

95 

195,9  20,4' 

5: 

253,626,6 

1  76 

75,6  07.9  ■ 

36 

>35-3 

I4, 2; 

96 

194  9  20,5 

56 

254,6)26,8 

7  / 

7  6>6 1  oS  jO  | 

37 

136,2 

>4,3 

(  97 

195,9  20,6 | 

57 

255>6::6^ 

78 

77,6108. 1 1 

;  38 

>37>2 

>4,4 

9$) 

Iq6,Q  120,7  ] 

j  5* 

2^6  6  27.0 

I  -79 

78,6  08, 3  j 

39 

138,2 

•4  5 

99 

197,9:20,8 

59 

257,6  27,2 

So 

1 

79>6)c3,4| 

j  40 

1 39.2 

>4,6' 

200 

198,9)20,9) 

60 

258, 6)27, 2 

81 

80,6,08,5 

>4t 

140,2 

>4,71 

201 

199,9(21,0 

jz6i 

259,6  27,3 

;  82 

81,5,08,6 

42 

14:, 2 

>4,8-; 

!  02 

200,9(21,1 1 

62 

260,6)27,4 

83 

82,5  |o8,7  j 

! 43 

142,2 

>4,9! 

I  O; 

201,9121, 2. 

63 

261,6)  27,5 

84 

8 3>5  i 

)  44 

>43.2 

I  5,0  j 

04 

202,9  21.3 

6t 

262,5  27,6 

i  O  ^ 

1  0 1 

s4>5  |G®*9 1 

45 

144,2 

>  5,-2  | 

05 

203,9  21,4 

!  65 

263,5  27,7 

86 

85,5 1°9>0, 

1  46 

>45-2 

1 5  j  3 

.  c6 

204,9  21,5; 

I  6b 

264,5  27,8 

;  h 

86,5  09,1 

47 

146,2 

>5,4 

i  °7 

205,9  21,6 

67)265.5  27,0 

1 

s7-5:c9.2 

!  4$ 

>47,2 

>5,5 

oS 

206,9  I  21,7  ) 

68 

266,5  28^. 

89 

85,5  09  3. 

49 

148,2 

15,6 

|  09 

207,9121,8 

69 

267,5  2V 

90 

89,5:09,^ 

1  5° 

144,2 

1 5>7 

;  IO 

108,8  2I.9 

1  7° 

268,5,28,2 

I  91 

'SO.Sjogoi 

>5> 

1 5°, 2 

15,8 

21  I 

209,8)22,0 

27  > 

269,5  28.3 

!  92 

9I.5j:9>6 

1  52 

151,2 

>5,9 

>2 

210,8  .  22,2 

)  72 

270,5:18,2 

93 

92,5.09,7 

53 

I  52,2 

16,0 

>3 

211,8  22,3 

>  73 

271,4  28,5 

94 

93,509,8 

|  54 

>5342 

16,1 

1  >4 

212,8.22,4: 

i  74 

272,5  28,6 

95 

94, <("9, 9 

55 

>54.' 

16,2 

>5 

213,8  22,5, 

!  75 

273,5  28,- 

9 6 

95.5,  to.c ( 

56 

>55.' 

16,3 

l6 

214,8  2  2,6 

!  76 

274,5  28,8 

97 

96,51  10,1! 

!  57 

156,1 

16,4 

>7 

215, 8,22, 7! 

<  77 

275,5  28,0 

98 

97’5|  I0>2( 

:  58 

>57, > 

16,5 

:  iS 

216, 8  22, SI 

78 

276,5  29,1 

!  ” 

9®>5|  IO,3 

59 

158,1 

x  6,6 

;  -I9|2I7,8  1  22,9 

79 

277,5,29,2 

|  too 

_99_>5  to. 5 

j  60 

I  :Q,I 

16,7 

j  20 

2rS,8  23,01 

80 

278,5  29,3 

1  IOI 

100,41  ic,6 

j^> 

l6o,I 

16,8 

.221 

2>9,S.23,i 

>Si  1279,5-9,4 

;  C2 

10 1 ,4 1 10,7 1 

l6l,I 

16.9 

1  22 

220,8  23,2 

S2 

280,4  29,4 

1  <53 

102,4  10,8, 

!  63 

162,1 

>7,o 

)  23 

22l,8'23,3 

83 

281,4,29,6 

04 

103,4)  10,9, 

64 

>63,1 

>7,i 

24 

222.8  23,4; 

84 

282  4  29,7 

°5 

104,4  tt.o 

65 

164,! 

•7>2 

25 

223,8  23.5 

1  S5 

183,4,29,81 

06 

to5,4  ii.ij 

Sh 

165,1 

>7,3 

:  26 

224, S  23,61 

1  So 

284, 4  29,9 

1  °7 

106,41  I  1,2 

* 7 

l66,l 

>7*5, 

1 27 

22  5,8;  2  I,?) 

87 

285,4  70,0 

1  08 

107^4)11,3’ 

6S 

167,1 

17,6 

28 

226,723,81 

88 

286,4  3C>2 

I  c9 

108,4)11,4, 

69 

1 63, 1 

>7,7 

29  227,7123,9, 

89 

-S  ~»4- 

IO 

ICg.4  11,5 

70 

169.1 

1 1 

3° 

228,7.24,01 

90 

2S8  4  30,3 

III 

110,4(11,6, 

>7i 

170,1 

>7.9' 

231 

229,7  24,1 

291 

289,4:30,4 

12 

,",4  ”»7! 

72 

171,' 

•r8,o: 

32 

230,7  24,2| 

1  92 

290,4: 30, j 

13 

112,4  11,  S 

73 

172,0 

18,1 ) 

33 

23  >>7  24,3) 

i  93 

291.4  70,6 

14 

1:3,4111,91 

74 

>73,° 

'l’z 

34 

-3->7  2 4, 5 

94 

292,4)30,7 

>•5 

1 14,4!  120 

75 

174,0 

18,1 

35 

213»7 124>6| 

95. 

293  4  30,8 

1  l6 

1:5,4)12, i( 

76 

>75,0 

18,4 

36 

234>7 i 24,7 

!  96(294,4,30^ 

i 

116,4  12,2) 

7T 

176,0 

>H 

37 

23  . -4  ,S  j 

97 

295,4  3  •  ,0 

1  1 0 

117,4  12,3 

7® 

>77,o 

iS,<T 

--38 

23fi,-  24,9; 

)  98:296.4  3>,i 

i  15 

11 8, 3  i2,4 

79 

178,0 

18,7; 

39 

237>- )  25,0' 

99 

297,4  3  >-2 

119,3 | 12. f 

So 

1 

>79>° 

18,8 

4° 

-38,7  -5-1  • 

j  ICO 

298.4  31,4- 

. .  D:;l 

Dep.  i  Lit. 

Did 

Den. 

Lat.  1 

Did 

Dep.  1  fat.  j 

D  dl  Pe  .  Lat. 

fur  84  Deg. 


Difference  of  Latitude  and  Departure  for  7  Be£. 

DiF 


D.rt 

Lat. 

Dep. 

Dirt 

Lat. 

I 

01,0 

00,1 

6l 

60,5 

2 

02,0 

00,2 

62 

6l,5 

3 

03,0 

00,4 

63 

62,5 

4 

04,0 

00,  j 

64 

63.5 

5 

°5,° 

00,6 

65 

64,5 

6 

06,0 

00,7 

66 

C5,5 

7 

06,9 

Co, 9 

67 

66,5 

07,9 

01,0 

68 

67,5 

9 

08,9 

01,1 

69 

68,5 

10 

00,9 

01,2 

70 

69,5 

11 

10,9 

01,3 

Vi 

70,5 

12 

ii,9 

01,5 

72 

7f,5 

J3 

12,9 

01,6 

73 

72,5 

14 

13,9 

01,7 

74 

73,4 

15 

01,8 

75 

74,4 

16 

‘5,9 

01,9 

76 

75>4 

17 

16,9 

02,1 

77 

76,4 

18 

17,9 

02,2 

78 

77,4 

*9 

18,9 

02,3 

79 

78,4 

20 

19,9 

02,4 

80 

79>4 

21 

20,8 

02,6 

81 

80,4 

22 

21,8 

02,7 

82 

81,4 

23 

22,8 

02,8 

83 

82,4 

24 

23,8 

02,9 

84 

83,4 

25 

24,8 

03,0 

85 

84,4 

26 

25,8 

03,2 

86 

85,4 

27 

26,8 

<73,3 

87 

86,3 

28 

27,8 

°3,4 

88 

87,3 

29 

28,8 

°3.5 

89 

83,3 

30 

29,8 

03,7 

90 

39,1 

31 

30,8 

03,8 

9i 

90,3 

32 

31,8 

03,9 

92 

9i,3 

33 

32,8 

°4>° 

93 

92,3 

34 

33,7 

04,1 

94 

93,3 

35 

34,7 

°4.3 

95 

94,3 

36 

35,7 

04,4 

96 

95,3 

37 

36,7 

04,5 

97 

96,3 

38 

37,7 

04,6 

98 

97,3 

39 

38,7 

04,8 

99 

98,3 

40 

39.7 

04,9 

IOO 

99,3 

4i 

40,7 

c5>° 

101 

100,2 

42 

4r,7 

05,1 

02 

101,2 

43 

42,7 

05,2 

03 

102,2 

44 

43,7 

°5>4 

04 

103,2 

45 

44,7 

°5-5 

°5 

104,2 

46 

45.7 

05,6 

06 

105,2 

47 

46,6 

°5>7 

07 

106,2 

48 

47,6  05,3 

oS 

107,2 

49 

48,6  06,0 

09 

108,2 

5? 

49,6)06,1 

10 

109,2 

5i 

50,6 

06,2 

1 1 1 

I  10,2 

52 

51,6 

06,3 

12 

ur,2 

53 

52,6 

06,5 

13 

1 12,2 

54 

53,6 

06^6 

*4 

113,1 

55 

54,6 

06,7 

15 

114,1 

56 

55,6 

06,8 

16 

115,1 

57 

56,6 

06  9 

17 

n6,i 

58 

57,6 

07,1 

18 

117,1 

59 

s8  6 

07,2 

'9 

118,1 

60 

59,6 

07,3 

20 

1:9,1 

Dirt 

Dep. 

Lat 

Dirt 

Dep. 

Dep. 


°7.4 

°7>5 

°7>7 

07,8 

07.9 

08,0 

08,2 

08,3 

08,4 

08,5 


08,6 

08,8 

08,9 

09,0 

°9,i 

°9,3 

09,4 

°9>5 

09,6 

°9.7 


09,9 

10,0 

10,1 

10,2 

i°,4 

10.5 

10.6 

10.7 

10.8 
1 1,0 


11.1 

11.2 
n,3 
”>5 
rr,6 

n,7 

11,8 

1  x,9 

12.1 

12.2 


I2>3 

12.4 

'2,5 

12.7 

12.8 

12.9 
13,0 
J3,i 
I3>3 

13.4 


1 3'  5 

13.6 
13,8 

J3’9 

14,0 

14.1 

14.2 
14,4 

H.5 

14.6 


Lat. 


Difl 


121 

22 

23 

24 

*5 

26 

27 

28 

29 
3° 


131 

32 

33 

34 

35 

36 

37 

3S 

39 

40 


141 

42 

43 

44 

45 

46 

47 

48 

49 
5° 

15I 
5  2 

53 

54 

55 

5b 

57 

58 
59- 
60 


161 

62 

63 

64 

65 

66 

67 

68 

69 

70 


171 
7  2 

73 

74 

75 

76 

77 

78 

79 

80 

Dirt 


L,t. 


120,1 

121,1 

122,1 

123,1 

124,1 

I25 


149.9 

150.9 

151.9 

152,8 

153.8 

154.8 

157.8 

156.8 

157.8 

158.8 


159.8 

160.8 

161.8 

162.8 

163.8 

164.8 
i65>7 

166.7 

167.7 

168.7 


169.7 
!7°.7 

171.7 

•72,7 

J73.7 

174.7 

175.7 
‘76.7 

177.7 

178.7 


Dep. 


Dep. 

Dirt 

Lat. 

Dep. 

14,7 

181 

179,6 

22,0 

H,9 

82 

180,6 

22,2 

15, ° 

83 

181,6 

22,3 

15,1 

84 

182,6 

22,4 

15,2 

85 

183,6 

22,5 

15.3 

8b 

1  84,6 

22,7 

15,5' 

87 

185,6 

22,8  . 

15,6 

88 

186,6 

22,9 

1 '.7 

89 

187,6 

23O 

15,8 

90 

188.6 

23,1 

16,0 

191 

189.6 

23>3 

16,1 

92 

190,6 

2-3,4 

16,2 

93 

191,6 

23,5 

16,3 

94 

192,5 

23,6 

16,4 

95- 

193,5 

.23,7. 

16,6 

96 

194,5 

23,9 

16,7 

97 

,r95>5 

24,0 

•  6,8 

98 

196,5 

24,1 

16,9 

99 

'97,5 

2-4)2, 

17,1 

200 

198,5 

24,3 

17,2 

201 

i99>5 

24,5 

T7>3 

02 

200,5 

24,6 

17,4 

03 

201,5 

24,7 

J7,5 

04 

202,5 

24,8 

i7,7 

°5 

203,5 

25,0 

17,8 

06 

204,5 

25,1 

17,9 

°7 

205,4 

25,2 

18,0 

oS 

206,4 

25-3 

18,1 

09 

207,4 

25.4 

18,3 

lO 

208,4 

25,6 

18,4 

2 1 1 

209,4 

25,7 

lS,5 

12 

2.10,4 

25,8 

18,6 

13 

2.1  r,4 

25,9 

r  8,7 

h 

212,4 

26,1 

1 8.,g 

15 

213,4 

26,2 

19,0 

16 

214:4 

26,3 

19,1 

17 

215,4 

26,4 

19,2 

18 

216,4 

26,5 

>9,4 

19 

217,4 

26,7 

19,5 

20 

218,4 

26,8 

19,6 

221 

219,3 

26,9 

I9>7 

22 

220,3 

27,0 

19,8 

23 

221,3 

27,2 

20*0 

24 

222,3 

27-3 

20,1 

25 

223,3 

27,4 

20,2 

26 

224,3 

27,5 

20,3 

27 

225,3 

27,6 

20,5 

28 

226,3 

27,8 

20,6 

29 

227,3 

27,9 

20,7 

30 

228,3 

28,0 

20,8 

231 

229,3 

28,1 

20,9 

32 

23°, 3 

28,3 

21,1 

33 

231,3 

28,4 

21,2 

34 

232,2 

28,5 

21,3 

35 

233,2 

28,6 

21,4 

36 

234,2 

28,7 

21,6 

37 

235,2 

28,9 

21,7 

38 

236,2 

29,0 

21,8 

39 

237,2 

29,1 

U.9 

40 

238,2 

29,2 

Lar. 

Difl 

Dep. 

Lat. 

Lat. 


27D9  33.4 


278.9 

279.9 

280.9 

281.9 

282.9 

283.9 
,  284,8 

88  285,8 

89  286,8 

9°U87, 

291I288, 
92)289,8 
93  290,8 

291.8 

292.8 

293.8 
294  8 

295.8 
1  296,8 
1  297,8 


Dep.  Lat. 
tor  8TD~g- 


Difference  of  Latitude  and  Departure  for  8  Deg. 


LUl 

|  L^r. 

|Dep. 

Did 

j  Lar. 

«  c  . 

|  L),l 

■]  Lat.  i>p.  |  Dil 

tj  Lai. 

]  Dep. 

.Did  Lat 

Dep. 

1 

101,0 

00,1 

6  j 

{60,4 

-8,5 

121 

[  1 19, 8[  16, 8|  1 18 

179, 

25,2 

241  238, 

7(33-5 

2 

C2.C 

00,3 

62 

6  i>4 

08,6 

1  22 

120,8  17,01!  8: 

.180,2  25,3 

42  239, 

7,33.7 

3 

03,0 

CO, 4 

63 

62,4 

08,8 

23 

121,817,1  ;  83181,; 

25,5 

43  240, 

33*^ 

4 

04, c 

00,6 

64 

j  63.4 

08,0 

24 

i  Z2. 8  j  1 7>3  *  1 

JlS2,2  15,6 

44  24') 

S !34,o 

5 

05, c 

CO.  7 

65 

64,4 

09,0 

25 

123,8!  17,4  8f 

i 2  s  3,2 

•!25’S 

45  242, 

5  34,1 

6 

°5>9 

^0,8 

66 

;  65.4 

09,2 

26 

124,8;  17,5;  8e 

>34.: 

25,9 

46,243. 

3 134,2 

7 

06,9 

Ol,C 

67 

66,4 

°9>3 

27 

125  S'  17,7  8; 

!  1  •'  5,1 

26,0 

4"  244,. 

3|  34-4 

8 

07.9 

0),I 

•  68 

I  67  3 

°9>5 

28 

126,8  Ji;,8j !  8S 

186,2 

26,2 

48  745,6  34,5 

9 

08,9 

°l,2 

69 

68,3 

CQ,6 

29 

!  '27  7;  18,0;  89  187,2 

26,3 

49  246,6  34,7 

IO 

09.9 

C!,4 

70 

I  69>3 

09,7 

30, 128.7;  is,  1 ,  9o|  188,2 

26,4 

J  50:247,6' 74,8 

1 1 

10,9 

01,5 

7i 

70,3 

09)9 

131 

129,7  j  17,2  191 

1 169, 1 

26,6 

I251  248,6;  34  9 

12 

11  9 

01,7 

72 

7i>3 

10,0 

32 

130,7  18,4  92 

!  150,1 

26,7 

52  249,6, 35,1 

13 

12,9 

oi,8 

73 

72>3 

rc,2 

33 

131,7  ,s»5  93  191,1 

16  9 

S3  250,5  35,2 

H  13.9 

01,9 

74 

73>3 

10,3 

34:132,7  18, 7(  94 

1 92- * 

27  c 

54  251,5135,4 

JS 

'4,9 

02,1 

75 

74.3 

10,4 

35 

'33*7  18, °|  95 

;  '931 

27,1 

55  252' 5i 35>5 

lb  15,8 

02,2 

76 

75.3 

io,6 

361134,7118,9,  96  194,1 

27>3 

56  253,5 

35.61 

17 

ib,8 

02,4 

77 

76.3 

10,71 

37 

1 3  5*7 1  1 9> 1  971*95, * 

27,4 

57  254,5:  35,Sj 

•  18 

17,8 

c*,5 

78 

77,2 

'0,9 1 

38,136,7  19.2.  98  196,1 

27,6 

58  255,5;  35,9! 

19 

18,8 

02,6 ! 

79 

78,2 

1 1, cl 

39 

137,7  r9)3  99 

i  157,1 

2  7,7 

59256,5 

1  3C,1 

20 

19,8 

02,81 

80 

79.2 

1  1 

40 

138,61 io,5:  2 co 

1198,1 

27,8 

60,257,5 

1 36.2 

21 

20,8 

02,9 

Si 

80,2 

ii>3 

141 

139,6;  19,6;  201 

199.9  M,° 

261  258,5 

36,3 

22 

21,8 

03,1 

82 

81,2 

11)4! 

42 

140,6  19,8  |  02 

2C0,0 

1 28, 1 

62259, 5 

i  36,5 

23 

22,8 

03,2! 

83 

82,2 

1 1,6  j 

43 

141,6*  1 9,9  i  03 

20  I  jC 

63  260,4,  36j6 

24 

23,8 

°3,3! 

84 

81,2 

H,7 

441142,620,0;  04 

202,0 

28,4 

64  261,4 

36.7 

25 

24,8 

°3>5| 

S5 

84,2 

1 1  ,S  | 

45 

143,6  20,2,  0S|IC3,0 

28,5 

65  262,4136,9 

26 

-  5*7 

0^,6  j 

86 

85,2 

12,0 

46;  144,6  20,3!,  c6 

2C4,C 

28,7 

66,262,4 

!  37,o 

27 

26,7 

03)8! 

87 

86,2 

12,1 

47 

145,6  20,5  I  [  07 

205,0 

2S,S 

67,264,4 

137, 2 

28 

27,7 

03,9| 

88 

87,1 

12,2 

4S 

146,620,6,  oS 

206,0 

29, c 

63  265,4  37,3 

29 

28,7 

04,0: 

89 

SS,i 

12,4 

49 

147,6!  20,7  09 

207,0  29,1 

69  266,4  37,4 

30 

29  7 

04,2; 

9° 

89,1 

,2>5 

5° 

148.  5 '20,9|  IC 

2CS,0 

29.2 

70  267,4137,6 

3 1 

3°>7  .  °4>3 

91 

90,1 

12,7 

'51 

140,5  2I,C  211 

209,0 

29,4 

271  268,4 

3", 7 

3 1 ,7 

04,  l1 

92 

91,1 

12,8 

52 

1 50,5  21,2  |  12 

209,9 

“9*5 

72  269-4 

•7-9 

33 

32*7 

04.6 

93 

92.1 

12,91 

53 

i5',5  2,*3  13 

210.9 

29,6 

73  270,4  38,0 

34 

33.7 

°4>7 

94 

93>i 

i3-i, 

54 

172,5  2  1,4;'  14 

211,9 

29,5 

74  271.3 

3,'J 

35 

34,7, 

04,9! 

95 

94)i 

I3>2 

55 

'  53*5  2I»6,  '5 

212,9 

-9,9 

75  272,3 

3°  >3 

36 

35>7 1°5  0 

96 

95.1 

15)4 

56 

154,5  21, -h  16 

2 13.9 

30,1 

76  273,3 

3^,4 

37 

36,6 

°5-2  j 

97 

96,1 

1 3>5  j 

57| 

i55,5  21,9  1- 

214,9 

30.2 

77!274,3 

5S6I 

3S 

77-6 

os,4| 

98 

97>o 

i3>6 

58, 

156,5  22, C,  :  18 

2'5  9 

3C>3 

781275,3 

3s,7j 

39 

38,6 

°5-5; 

99 

98,0 

13.8] 

59: 

157,5  22)i!:  !5j 

216,9 

3°,  5 

79  276  3 

40 

39,6 

05,6 

IOC 

99,0 

'3  9 

60 1 

158,4  22,  V  j  20 

21-.9 

50,6 

80  2-7.3 

39,0 

4i 

40,6 

o5>7l 

IOI 

100,0 

14.1 

l6l j 

159,4  22  4  '221! 

21 8,9 

30,8 

2S1 1278,3 

39,i 

42 

41,6 

03,8 

02 

IOI-O 

'4>2 1 

62 

l6o.4  22,6  1  22 

219,8 

3°, 9 

82  179,3 

39,3 

43 

42,6 

06,0 

03 

102.0 

'4.3 

63! 

161,422,7!:  23; 

220,8 

31,° 

s3:28°)  3)  39. 4 

44 

43.6 

c6, 1 

04 

103,0 

'4)5! 

64  162,4  24,8  24 

221,8 

31, 2 

S4  251,2 

39,5 

43 

44  6 

06,3 

°5 

104,0 

14.6J 

65  163,4  23.0  1  251 

222,8 

31,3 

85 1282,2 

39  7 

46 

45,6|c6,4 

06 

105,0 

14-8' 

66  164,4  23,1;  26 

223,8 

3',5 

3b  183,2 

39  8  , 

47 

4®)5ic6,5 

07 

106,0 

14,0! 

67 ; 

165.4  2', 2  ,  27; 

224,8 

31,6 

87  184,2 

40,0 

48 

47,5  c6, 7 

cS! 

107,0 

'5)° 

68 1 166,4  23>4  2* 

225  S 

3i.7 

88285, 2 

40,1 

49 

4^>5  c6,8 

09; 

107,9 

J5.2| 

6s|  167,4  23>5  j  29 

226.8!3I,9 

89  286,1 

40,2 

50 ' 49,  s!  07,01 

io| 

joS.q 

'5»3  ' 

70'  i6S,4  27  7  '  'c; 

227,5. 

32,0 

QO  '  2S".  2  1 

40  4 

51 , 

5°:  5 

07. 1 1 

III 

109,9! 

5-5 

1 7 2 !  '69,3  23,~  2'i 

223,8 

32,2 

291 1288.11 

40,5 

52 

5,,5 

07,21 

12 

I io;o 1 

15)6 

72 1 

170,3  23,9  72 

229,71 

32,31 

02  259,2 

40.6 

53  5-»5 

C7?4 

n 

r  j  i,o 

i5»7 

73 

171,3,24,1  |  33 

250,7  I 

32,4, 

93  290,2 

4  0,8 

54|S3.5 

07>5 

14' 

112)9  j 

i5>9 

74 

172>3!24  2  34 

271,7 

32,6, 

94(291,1  j 

40.0 

55154,5 

07.7 

*5 

I13.9I 

;  6,0 

75 

'73,3 '24  4  1  35 

232>"! 

32,7, 

or !  202,1 

41. 1 

5  0 1  55>5 

o?)8: 

16* 

114-9 : 

16,1 

76 

2 74, 3 ! 24* 5  j  S6 

233>7  j 

32,9! 

90*293,  I 

41.2 

5" 

56,4 

07,5, 

1 1 5.91 

16,1 

7"  i75>3'24,6:!  77; 

2  34*7 

33  oj 

9"  l2S4>i  I 

4', 3 

5s 

5", 4 

o3,i 

18 

j  16,9 

16  4 

"S! 

176,5124,8  ;  361235,7 : 

33, 1 1 

98I2C  5,1 

4i,5 

59'  <;8.<ilo8,2l 

IO, 

1 17.7 

1 6  6 

■9 

'"7.3 ;24  9  59 

236  7! 

33.3 

95(296,,  ( 

41.6 

6c! 

59>4: 

08 

20' 

n8,s 

7 

?C|  178  3  J 2 5.  f  j  40; 

237  7 1 

83-4I 

30c! 1 92  1 1 

41,8 

Dili ,  Dep.! 

Lat.  1 

D.i> 

Dep.  j 

Lat. 

D.ft!  D  p.  Lat.;;D.ft| 

Dep. 

L.ut  j 

D.fti  Hep.  I 

H 

1 

ler  82 

D:o.l 

Difference  of  Latitude  and  Departure  for  9  Deg. 


Dift 

Lat. 

Dep. 

Dift 

Lat. 

Dep. 

Dill 

Lat. 

Dep. 

Dift 

Lat. 

Dep 

Dift 

Lat. 

Dep. 

I 

01,0 

OO,  • 

61 

60,2 

°9>5 

1 2  I 

“9,5 

l8,9 

181 

178,8 

28,3 

241 

238,0 

37,7 

2 

02,0 

00,3 

62 

61,2 

09.7 

22 

120,5 

10,1 

82 

179,8 

28,5 

42 

233,0 

37,8 

0 

O 

00,5 

63 

62,2 

09.9 

23 

121,5 

19,2 

83 

180,7 

28,61 

43 

240,0 

38,0 

4 

04,0 

co, 6 

64 

63,2 

10,0 

24 

122,5 

19,4 

84 

181,7 

28,8 

44 

241,0 

38,2 

5 

c4>9 

00,8 

65 

64,2 

10,2 

25 

“3,5 

19, 6 

Ss 

182,7 

28,9 

45 

242,0 

38,3 

6 

05,9  00,9 

66 

65,2 

10,3 

261 

124.5 

19,7 

86 

183,7 

29,1 

46 

243,0 

38.5 

7 

06,9 

01,1 

67 

66,2 

to  5 

27 

125,4 

19,9 

87 

184,7 

29)2 

47 

244,0 

38,6 

8 

°7)9 

01,3 

68 

67,2 

io,6 

28 

126,4 

20,0 

88 

185.7 

29,4 

48 

244,9 

38,8 

9 

°8,y 

01.4 

69 

68,2 

10,8 

29 

127,4 

20,2 

89 

186,7 

29,6 

49 

245)9 

38,9 

IO 

°9>9 

01,6 

70 

69,1 

10,9 

30 

128,4 

20,3 

9° 

i8-),7 

29,7 

5° 

246,9 

39,' 

I  I 

10,9 

oi)7 

71 

70,1 

11, 1 

131 

129,4 

20,5 

191 

188,7 

29  9 

251 

247,9 

39,3 

12 

1 1>9 

01,9 

72 

7i>i 

ii)3 

32 

130,4 

20,6 

92 

189,6 

30,0 

52 

248,9 

39,4 

13 

12,9 

02  O 

73 

72,1 

11,4 

33 

131.4 

20,8 

93 

xgo,6 

30,2 

53 

249,9 

39,6 

H 

13,8 

02,2 

74 

73.1 

1 1,6 

34 

i32.4 

21,0 

94 

191,6 

30,3 

54 

250.9 

39>7 

15 

14)8 

02)3 

.75 

74.1 

ii,7 

35 

133,3 

21,1 

95 

192,6 

3°,  5 

55 

251)9 

39,9 

iiP 

13,8 

02.5 

76 

7  5> 1 

ii,9 

36 

1343 

21,3 

96 

193,6 

3°)7 

56 

252,9 

40,0 

?7 

16,8 

02)7 

77 

76,1 

1 2,0 

37 

135,3 

21.4 

97 

194,6 

30,8 

57 

253,8 

40,2 

18 

i7>8 

02,8 

78 

77.0 

12,2 

38 

136,3 

21,6 

98 

195,6 

3  1,0 

58 

2  54,8 

40,4 

J9 

18,8 

03,0 

79 

78,0 

12)4 

39 

137,3 

21,7 

99 

196,6 

3r)i 

59 

255,8 

40,5 

20 

19)8 

03,1 

80 

79,0 

I2>5 

4° 

138.3 

21,9 

200 

197,5 

3D3 

60 

256,8 

40,7 

21 

20,7 

03.3 

81 

So,o 

12,7 

141 

139.3 

22,1 

201 

19s, 5 

3D4 

261 

257,8 

40,8 

22 

21,7 

03,4 

82 

8i,o 

12, S 

42 

140,3 

22,2 

02 

199,5 

31,6 

62 

258,8 

41,0 

23 

22,7 

03,6 

83 

82,0 

13,0 

43 

141,2 

22,4 

03 

200,5 

3 1,7 

63 

259,8 

41  1 

24 

z3)7 

03,8 

84 

83.0 

r3,i 

44 

142,2 

22,5 

04 

201,5! 

3L9 

64 

260,8 

41,3 

24,7 

03,9 

8s 

84,0 

>3.3 

45 

143,2 

22,7 

°5 

202,5! 

32,1 

65 
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or, 3 

65 

62,8 

.6,8 

25 

6 

05,8 

01, 6j 

66 

63,7 

I7,i 

20 

7 

06,8 

oi,8 

67 

64.7 

17,3 

27 

8 

°7>7 

02,  I 

68 

65,7 

17,6 

23 

9 

08,7 

02,3 

69 

66,6 

17,9 

29 

IO 

°9>7 

02,6 

70 

67,6 

18,1 

30 

II 

10,6 

02,8 

7i 

68,6 

18,4 

131 

12 

1 1,6 

03,1 

72 

69,5 

18,6 

3^ 

13 

12,6 

03.4 

73 

70,5 

18,9 

33 

14 

*3>5 

03,6 

74 

7L5 

19,2 

34 

15 

'4.5 

03,9 

75 

72,4 

19  4 

3  5 

16 

'5.5 

04,1 

76 

73>4 

19,7 

36 

17 

16,4 

04,4 

77 

74,4 

19,9 

.37 

18 

17.4 

04,7 

78 

75,3 

20,2 

38 

'9 

18,4 

°4,9 

79 

76,3 

20,4 

39 

20 

19.3 

05.2 

80 

77,3 

20,7 

40 

21 

20,3 

0  5,4 

81 

78,2 

21,0 

141 

22 

21,2 

°5,7 

82 

79-2 

21,2 

42 

23 

22,2 

06,0 

83 

80,2 

21,5 

43 

*4 

23,2 

06,2 

84 

81,1 

21,7 

44 

24,1 

06,5 

85 

82,1 

22,0 

45 

26 

25,1 

06,7 

86 

83,1 

22,3 

46 

27 

26,1 

07,0 

87 

84,0 

22,5 

47 

28 

27,0 

07,2 

88 

85,0 

22,8 

48 

29 

28,0 

°/>5 

89 

86.0 

23,0 

49 

3° 

29,0 

07,8 

90 

86,9 

23,3 

5° 

3i 

29.9 

08,0 

9i 

87,9 

23,6 

J5> 

32 

3°>9 

08,3 

92 

88,9 

23,8 

52 

33 

3*. 9 

08,5 

93 

89,8 

24,1 

53 

34 

32,8 

o8,3 

94 

90,8 

24,3 

54 

35 

33>8 

09,1 

95 

91,8 

24,6 

55 

36 

34.3 

°9'3 

96 

92,7 

24,8 

56 

37 

3  5.7 

09,6 

97 

93,7 

25,1 

57 

3s  36.7 

09,8 

98 

94,7 

25,4 

58 

39 

137,7 

10,1 

99 

95.0 

25,  6 

55 

40|38,6 

10.4 

ICO 

96,6 

25,9 

6c 

41 

139,6 

10,6 

101 

97,6 

26,1 

162 

42 

|4°,6 

10,9 

02 

98,5 

[26,4 

126,7 

62 

43  4M 

11, 1 

03 

99,5 

6' 

44  43,5 

n,4 

04 

IOO>5 126,9 

6' 

4  5  43 » 5 

11,6 

°5 

10I.4j27,2 

6 

46,44,4 

»i,  9 

06 

102,4  27,4 

6f 

47 

4  5  >4 

12,2 

07 

103,4 

27,7 

6 

48 

46,4 

12,4 

08 

104,3 

28,0 

6! 

49 

47.3 

12,7 

°9 

I05>3 

28,2 

6c 

50 

48,2 

12,9 

10 

106,2 

28,5 

7C 

51 

49,3 

J3>2 

III 

107,2 

28,7 

17 

52 

50,2 

x3.5 

12 

108,2 

29,0 

7= 

5: 

51,2 

'3,7 

13 

109,1 

29,2 

7 

54 

52,2 

14,0 

H 

110,1 

29,5 

7‘ 

5. 

53- 1 

14,2 

15 

111,1 

zq,8 

7 

5( 

54, 1 

i4>5 

l€ 

112, C 

30,0 

7 

S’ 

55>' 

14,8 

17 

113, c 

3°> 3 

7 

5* 

56,0 

15,0 

18 

II4.C 

30,5 

7 

5C 

57,o 

15,3 

19 

1 14,5 

30,8 

7 

6c 

58,0 

T5-5 

2C 

1 1 5.5 

1  31,1 

8 

Dit 

t  Dep 

Lat. 

Dif 

Dep. 

Lat*. 

Di 

Lat. 

Dep. 

Dift 

Lat.  1  Dep.  |  | 

Dift 

La. 

-)ep. 

116,9 

3 1  »3 

l8l 

174.8  46,8! 

241 

232,8 

62,4 

117,8 

31,6 

82 

175, 8  47,1 

42 

233,7 

62,6 

1 18,8 

31,8 

83 

176,8 

47,4 

43 

234>7 

62,9 

ny,8 

32,1 

84 

177,7 

47,6 

44 

235.7 

63,1 

120,7 

32,4 

85 

178,7 

47,9 

45 

236,6 

63,4 

121,7 

"2,6 

8b 

179-7 

48,1 

46 

237,6 

63,7 

122,7 

32,9 

87 

180,6 

48,4 

47 

238,6 

63,9 

123,6 

33>i 

88 

181,6 

48,7 

48 

239,5 

64,2 

124,6 

33>4 

89 

182,6 

4S> 9 

49 

240,5 

64,4 

1 2  5 ,  G 

33>6 

0° 

183,5 

4-9,2 

5° 

241,5 

64,7 

126,5 

33,9 

191 

184,5 

49,4 

251 

242,4 

65,0 

I27,5 

34, 2 

92 

l85,5 

49,7 

52 

243,4 

65,2 

128,5 

34,4 

93 

i8°,4!49,9 

53 

244,4 

65,5 

129,4 

34-7 

94 

187,4 

50,2 

54 

245,3 

65,7 

130,4 

34,9 

95 

188,4 

5°,  5 

55 

246,3 

66,0 

*3  !,4 

35,2 

96 

i89>3 

5°, 7 

56 

247,  r 

66,3 

132,3 

35-5 

97 

19°>3 

51,0 

57 

248,2 

66,5 

133.3 

35>7 

98 

191,2 

51,2 

58 

249,2 

66,8 

134,3 

36,0 

99 

10  2,2 

5G5 

59 

250,2 

67,0 

135,2 

36,2 

2  00 

193-2 

51,8 

60 

251,1 

67,3  . 

136,2 

36,5 

201 

194,1 

52,0 

261 

2^2,1 

67,5 

137,2 

36,7 

02 

195,1 

52,3 

62 

253, 1 

67,8 

138,1 

37  0 

°3 

196,1 

52,5 

63 

254,0 

68,1 

i39,i 

37,3 

04 

197,0 

52,8 

64 

255,0 

68,3 

140,1 

37,5 

°5 

198,0 

53,i 

65 

256,0 

68,6 

141,0 

37,8 

C6 

199,0 

53  3 

66 

256,9 

68,8 

142,0 

38,0 

07 

'99,9 

53,6 

67 

257,9 

69,1 

143,0 

3S,3 

08 

200,9 

53,8 

68 

238,9 

69,4 

H3,9 

38,6 

09 

201,9 

54,i 

69 

259,8 

69,6 

M4,9 

38,8 

IO 

202,8 

54,3 

7° 

260,8 

69,9 

145,8 

39,i 

211 

203,8 

54,6 

27 1 

261,8 

70,1 

146,8 

39>3 

12 

204,8 

54,9 

72 

262,7 

70,4 

H”,8 

39,6 

13 

205,7 

55>i 

73 

263.7 

70,7 

148,7 

39,9 

14 

206,7 

55-4 

74 

264,7 

70,9 

149,7 

40,1 

15 

207,7 

55,6 

75 

265,6 

71,2 

1 5°, 7 

40,4 

l6 

2oS,6 

55,9 

76 

266,6 

7 1  >4 

151,6 

4°,  6 

17 

209,6 

56,1 

77 

267,6 

7*>7 

152,6 

40,9 

18 

210,6  56.-4 

78 

268,5 

71,9 

'53,6 

4L] 

19 

213,5 

156,7 

79 

269,5 

72,2 

i54,5 

41,4 

20 

212,5156  Q 

80 

270,5 

72,5 

'55.5 

4G7 

221 

213,5 

57,2 

281 

271,4 

72,7 

156,5 

4G9 

22 

214,4 

57, 5 

S2 

272,4 

73,° 

257,4 

42,2 

23 

!  2 1.5,4 

57.7 

83 

273,4 

73,2 

!58,4 

42,4 

24 

2.16,4 

58,0 

84 

274,3 

73,5 

159,4 

42,7 

25 

217,3 

58.2 

8s 

275,3 

73,8 

160,3 

43,° 

26 

218,3 

58,5 

86 

276,2 

74,o 

161,3 

43> 2 

27 

219,3 

58>7 

87 

277,2 

74,3 

162,3 

43,5 

28 

220,2 

59,o 

88 

278,2 

74,5 

163,2 

43,7 

29 

221,2 

59,3 

89  279,1 

75,8 

104,2 

44,o 

30 

222,2 

S9-5 

90 

1 280,1 

75,0 

165,2 

44,3 

231 

223,1 

59,3 

291 

281,1 

75,3 

106,1 

44,5 

32 

224,1 

60,0 

92 

282.0 

75,6 

167,1 

44,8 

33 

225  1 

60,3 

93 

283,0 

75*8 

i68,i 

45>° 

34 

226,0 

60,6 

94 

284,0 

76,1 

169,0 

45,3 

35 

227,0 

60,8 

95 

284,9 

76,3 

170,0 

45,5 

36 

228,0 

61,1 

96 

285,9 

76,6 

171,'" 

45,8 

27 

228,9 

;6i,3 

97 

286,9 

76,9 

171,5 

46,1 

38 

2-9>9 1 6  i,G 

98 

287,8 

77,1 

172,5 

46^3 

35 

23o,9j6i,9 

99 

288,8 

77,4 

0  173,1 

46,6 

40 

2  3 1,8  ]  62,1 

30C 

289,8 

77>6 

t  Dep. 

Lit. 

Dif 

Dep. 

!  Lat 

Dif 

Det>. 

tor  75  Dej. 


Difference  of  Latitude  and  Departure  for  16  Deg. 


jUilti  Lat.  |L)tfp 


*  - 
z  01,9  co,6 
5  02,9  00,8 

4103.8  ol, 

5104.8  01.4 
6j°5,8:oi,7 
7  [06,7  01,9 
8 |o7>7 
9 1 08, 7 

io!o9,6 

11  io,6 

**»5 

12,5 


02,2 

02,5 

02,8 


03,0 

03.3 

03,6 

*3>5  03>9 
14,4  04,1 


XS»4 

16.3 

*7>3 

18.3 
19,2 


04,4 

04,7 

05,0 

05,2 

°5’5 


21  j20,2  I  05,8 
22121,1  |o6,I 

23  22,1  06,3 
24 ;  23, 1  06,6 
25124,0  06,9 


2625,0 
27.26,0 
28  26,9 


27,9 

28,8 


07,2 
°7,4 
07,7 
08,0 
08,3 


29.8 

30.8 

3  *»7 

L  3*,7  .  . 
3^33.6  09,6 
36,34,6,09,9 
37 1 3 5»6  io,2 
3S  j  36,5 
39137,5 
4Q|3S'4 

4*  39>-f !*J,3 
42  40,4  11,6 

43 1 4 1 , 3  I  **>9 
44  42>3  *2.i 


08,5 
oS,S 
09, 1 
°9,4 


10,5 

10,7 

11,0 


L>ilt|  Lai.  Dep.  Dili  Lai. 


61  |  58,6  16,8,  1  121  1 16,3 
59,6  17,1  22  117,3 

!  63  60,6,17,4  '  23  118,2 

1  64  *>i, 5|  17,6  j  24|  119,2 
65  62,5  1 7,9 ' ;  25  120,1 

661  63,4  18, 21  26  121,1 

67’  64,418,5  ;  27  J  122,1 
68  65,4' 18,7  ;  28  123,0 


66,3 19,0 j!  29 124,0 
67,3 1 19,3  30I1249 


71  j  68,21  19,6  131  125,9 

72  69,2  19,8}  I  32;  126,9 

73 1  7°,2  20,1  33  127,8 

71,1.20,4  34(128,8 

72,1  20,7  35  129,8 

73>°[20)9J  |  36|  i3°>7 
.  .  74,0(21,2  j  1  37 1  131,7 

78I  75»°!2,>5:  I  38  *32>6 
79,  75,9 ,21,8  j  j  39!  133,6 
76,9  22,0  !  40!  134,6 


74 
75 1 
76. 

77 


So  i 

77 

82 

*3 

84 

85 

86 

87 

88 

89 

90 


77*9  22,3  '141  135.5 
78,8 ' 2.2,6  1 !  42  136,5 


79>s,22>9 
80,7,23,1 
8J,7  23,4 
82,7123,7 
83,6.24,0 
84,6.24,3 


43j*37>4 
44' 138,4 

451*39.4 
46, 140,3 

47' *4'.3 
48;  142,2 


s5,5 : z4,5 j  49;  *43,2 
86,5  24,8 , '  50!  144.2 


44.2 !  12,7 
45,2113.0 
46,1  13,2 


49  47.* !  13,5 


5® 


48,1(13,8 


49.o 
50,0 
50,9 
54i 5*>9 
55(52.9 
56  S3*8 
57:54.8 
58  55.7 
S9lS6.7 
60(57, 7(16.5; 

D:lt;Dep.  |  Lat  | 


9*i 

92i 

93 

94 

951 

96! 


87>5'25,i  ■  15*1  *45>* 


88,4,25,4 
89.425,6! 
9°>3  i25>9;  j 


52 

53 

54 

55 

I  u'-’U  56 

97!  93’*  2°>7 i  57 
98  J  94.2  27,o;j  58 
99 J  95.2  27>3  • 
loo.  96,1:27,6, 


91,3  26,2' 
92.326,5 


59 

60 


Dep.  D.ft'  Lat.  Dep.  |  Dilti  La:.  Dep. 


33.3  *8i ,  i74>o,49.9j  j 24 1  231,6  06,4 
33.6;  82174,9  50,2  42(232,6:66,7 

83;  *75>9  50,4! 

84:176,8  50,7 
85  177.8  51,0 
86j  178,8  513 
87  j  179>7  5'.5! 

88|  180,7  51,8 
891*8*, 7  52>i 
90  182,6152,4 


33-9 

34.2 
34>4 
34>7 

35.0 

35.3 

35.6 

35.8 

36,1 

36>4‘ 

36.7 
36>9 
37>2| 
37.5 


431^33.6:^7.0 

44,234.5  °7-: 

45  2 3 5. 5  67>. 

46  236,4  67,8 
47:237,4  68, 
48,238,4  68,5 

49  !  239.3  6S>6 

_ 50  240,3(68,9 

191!  183,6  52,6  251  241,2169,2 
92  184,5  52,9 1  1  52 ! 242,2 '^9,5 
53  ;  24 3> 2 ; 69.7 


93 1  *85,5 153>*-| 

94  186.5  53,5 . 

95  *87,4  53,7' 
96:188,4  54,0 

37,81 1  97:189,3.54,3 

3S,o  ,  98,190,3(54,6 
38,31!  99|  *91.3154,8 
38,6:  200  192,2  55,1 

38,9:  201, 193.2  55*4 
39>* !  j  02 1  '94,*  55>7 
39,4’ :  03  *9 5> *  55.9 
59.7  04' 196,1  56,2 

4°.0;  j  o5: 197,0  56,5 
40,2  1  06  198,0  56,8 

40.5  |  o7;  ‘99>o!57,o, 

4°, 8,;  08 j  199,9  57,3 
41,1  09  200,9  57,6 

41,3,  10  2ci,8  5~,9 

41.6  211(202,8  58,2 

4*. 9, 

1,2, 


146,1 

*47.*  .  . 
148,0(42,4  | 
149,0 1  42,7;  j 
43>°:! 
43=3  i 
43,5  i 
43,8:! 
44,1! ! 


54 !  244,1  '70,0 

55|*45, 170, 3 
56)246,0  70,6 
57 1247.0  70,8 
58(248,0  7'.* 
59(248,9,71,4 
60(249,9  71,7 

261(250,9  71,9 
62)251, 872, 2 

63  [252,8  72,5 

64  253,7:72,8 

65  -54,7  73,° 
66.2.55,7  73.3 
67 1256,6  73,6 
68(257,6  73.9 
69  258,5  74,1 
70(259,5  74,4 

j  27 1  260,5  74,7 


12  203,8  58,4!’  72  261,4  75'° 

*3  2°4  7,58,7|!  73,262, 4. 75, 2 


*49,9 
*5°, 9 
*5*,9 

152.8 

153.8 


14  205,7:59,0 

15  206,6  59,3 
16207, 6159, 5 


18 !  209,5 ;  60, 1 

*9  : -IO,S :  6o,4 
20  21  1,4  60,6 

44,4  221(212,4  60, 9 
44.6 ' !  22  213,4(61,2 


10 1  (  97,1(27,8  161  154,7 
02;  98,028,111  621 155,7:^,.. ,  _  Jrri  . 

03!  99'°(28,4  ;  63' 156, -144.9  23,214,3  61,5 

04(100,0  28,7(1  64  157,6  "  - 
05: 100,9(28,9;  j  65.155,6 

c6  1  101,0  20.1  66  KQ.t 


06 ( 101,9(29,2  !  66(159,5 
07' 102,8  29,5  !  67  160,5 


68 

69 


161,5 

162,4 


*4.* 

*4,3 

14.6 
'5.9 

1 5. 2 
*5.4 

15.7 
16,0 

16.3 


08(103,8  29,8 
09’  104,8(30,0! 

10 : 105,1 1 30,3  j ! 

11 1 1  ic6, 7  30,61  171  164,4 


70  163,4 


12  [107,6  30,9  ( 
13(108,6,31,1 
14(109,61 31,4] 
15  **0.5(3', 7, 
1 6 1 111,5  32,°, 

*7 ( 1 ,2>5  i2>2 
18  113,4  32,5 

*91 1  *4.4!  32»8| 
2°  1*5.3.33,* 


72(165,3 
73  166,3 
74;  167,2 

75;  l6S,2 

761 169,2 

77  170,' 
78!  *7*,* 
79  *72>° 
80!  172,0 


45, 2  24(215,3  61,7 

45,5  25216,3:62,0 

45,7.  26^17,2  62,3 

46,0  27:218,2.62,6 


46,3 

46,6 

46.9 


28  219,1  62,8 

29  220,1 : 63, 1 

30  211,1(63,4 

47,1  (231222,0(63,7 
47.4,  (  32  223,0  63,9 

33  223-9  64,2 

34  224.9  64,5 

35  225,9164,8 

36  226,8.65,0 

37  227,8  65,3 


47.7 

a.8,0 

48,2! 

48.5 
48,8; 
49>* 
49,3! 

49.6 


74  163,3  75,5 

75  164,3  75.8 

76  265,3,76,1 


17*208, 6:59, 8  i  77,266, 2  76, 3 

_  o _ _  .  _o  'c _ -6  A 


78267, 2(76, 6 

79.268,2.76,9 
80(269,1  77,2 
,281  (270,1  77,4 
I  82(271,0  77,7 

83  1272,0  78,0 

84  273,078,3 
85 ;  2“3>9  ( "8.5 
86  274,9  79.8 

.  87(275,8,79,1 
'  88  2-6,8  79,4 
I  89(277,8(19,6 
,  90  -~8,-  79.9 
291  279,7  80,2 
|  90)280, 6;8o, 5 
i  93(281,6:81,8 
I  94  282,6  Si,o 
I  95 .083,581, 3 
|  96:284,5  81,6 
:  97^85,5181,9 


38 : 2.28,7  j 65, 6 j '  981286.4  83,1 

39  229>7;65 >9!  99  2?i,4  s3>4 

40  230,7  66, 1 )  300:288.3  82.7 

Diit  L>cp.  i  Lat.  I  Dift!  Dep.  Lat.  '  D ;  ft  Dep.  Lat. 


Dift:  Dep.  |  La 


for  74  Deg. 


Difference  of  Latitude  and  Departure  for  17  Beg. 


Dift 

Lat. 

Dep. 

Dift 

Lat. 

Dep 

Dift 

Lat. 

Dep.  I 

Dift 

l.at. 

Dep. 

Dilt  |  Lat. 

Dep, 

» 

01,0 

00,3 

6l 

5S>3 

17,8 

I  21 

ns,? 

35,4 

iSj 

173. 1 

52,9 

241  230,5 

70,4 

1 

01,9 

00,6 

62 

59a  3 

18,1 

22 

116,7 

35,7 

82 

174,0 

53, 2 

42 

231,4 

“0,7 

3 

02,91 

00,9 

63 

60,2 

18,4 

23 

117,6 

36,o| 

83 

17  5,° 

53>'5 

43 

2  3  2,4 

71.,° 

4  0318 

01,2 

64 

6  J  ,2 

i8,7 

24 

1 18,6 

36,2 

84 

175-9 

53,8 

44 

233>3 

7t,3 

5 

04,8 

01.5 

63 

62,2 

lg,0 

2  5 

i>9,5 

36,5 

85 

176,9 

54,1 

45 

234  3 

71,6 

6 

°5>7 

01,8 

66 

63,1 

19,3 

26 

120,5 

36,8 

86 

177,9 

54=4 

46 

23  ,2 

7>,9 

7 

06,7 

02,0 

67 

64  I 

19,6 

27 

121,4 

37>i 

87 

178,8 

54=7 

47 

236,2 

72,1 

8 

07,6 

02,3 

68 

63,0 

1 9’9 

28 

122,4 

37,4 

88 

179,8 

55.0 

.4s 

237>i 

72,4 

9 

oS,6 

02,6 

69 

66,0 

20,2 

29 

123>4 

37,7 

89 

180,7 

55, 2 

45 

238,1 

72.7 

IO 

09,6 

02,9 

70 

66,9 

20,5 

30 

124,3 

38,0 

9° 

181,7 

55>5 

5° 

279,1 

73  0 

1  I 

10,5 

03,2 

7i 

67,9 

20,8 

1 3 1 

I25,3 

38  3 

T9> 

182,6 

55,8 

25> 

240,0 

73,3 

12 

,J>5 

<33.5 

72 

68,8 

21,0 

32 

126,2 

38,6 

92 

183,6 

56,1 

52 

241,0 

73,6 

13 

12,4 

03,8 

73 

69,8 

2I>3 

33 

127,2 

38,9 

S3 

184,6 

56,4 

53 

241,9 

75,9 

H 

i3»4 

04,1 

74 

70,8 

21,6 

34 

128,1 

39, 2 

94 

185,5 

56,7 

54 

242,9 

74,1 

75 

>4.3 

04.4 

75 

7M 

2  !>9 

35 

129,1 

39,5 

95 

186,5 

57,o 

55 

243, S 

74-4 

t6 

I5>3 

04.7 

76 

72,7 

22,2 

36 

130,0 

39.8 

96 

187,4 

57>3 

5° 

244,8 

74,7 

17 

16.3 

05,0 

77 

73-6 

22,5 

37 

131,0 

40,0 

97 

188,4 

57,6 

57 

245,8 

75,o 

is 

17,2 

°5>3 

78 

74.6 

22,8 

38 

132,0 

40.3 

98 

189,3 

57,9 

58 

246,7 

75,3 

19 

18,2 

05,6 

79 

75-5 

23,1 

39 

132,9 

40,6 

99 

190,3 

58,2 

59 

247,7 

75,6 

20 

i9>i 

05,8 

80 

76,5 

23>4 

40 

>33>9 

40,9 

200 

19172 

58,5 

60 

245,6 

75,9 

21 

20, 1 

06, 1 

81 

77,5 

23,7 

141 

134,8 

41,2 

201 

1Q2,2 

58,8 

261 

249,6 

76,2 

22 

21,0 

06,4 

82 

78,4 

24,0 

42 

>35,8 

4’, 5 

02 

193,2 

59  0 

62 

250,5 

76.-5 

23 

22,0 

06,7 

83 

79,4 

24,3 

43 

136,7 

41,8 

03 

194,1 

59,3 

63 

25>,5 

76,8 

24 

22,9 

07,0 

84 

80,3 

24,6 

44 

>37,7 

42,1 

04 

>95, 1 

59,6 

64 

252,4 

77,i 

23>9 

°7,3 

8s 

81,3 

24,8 

45 

138,7 

42,4 

°5 

196,0 

59,9 

65 

253, + 

77,4 

26 

24-9 

07,6 

86 

82,2 

2  5.> 

46 

139  6 

42>7 

06 

197,0 

60,2 

66 

2  54.4 

77,7 

27 

2  C.'S 

07.9 

87 

83,= 

25>4 

47 

140,6 

43.0 

07 

197,9 

60,5 

67 

2  5  5, 3 

77,9 

28 

26,8 

08.2 

88 

84,1 

25>7 

48 

I4I>5 

43-3 

OS 

198,9 

60,8 

68 

256,3 

"8,2 

29 

27>7 

08,5 

89 

85,1 

26,0 

49 

i42,5 

43,6 

°9 

i99,9 

61,1 

69 

257,2 

7875 

3C 

28,7 

cS  8 

90 

86,t 

26,3 

5° 

i43>4 

43.8 

10 

200,8 

6, 4 

70 

258,2 

78,8 

3i 

29,6 

O9,  I 

9i 

87,0 

26,6 

151 

H4,4 

44,1 

21  I 

201,8 

61,7 

271 

2  59,i 

79,1 

32 

30,6 

09,4 

92 

88,0 

26,9 

52 

>45-3 

44,4 

12 

202,7 

62.0 

72 

2  6,0. 1 

79,4 

33 

31.6 

09,6 

93 

88,9 

27,2 

53 

146,3 

44,7 

>3 

203,7 

62,3 

73 

261,1 

79,7 

34 

32>5 

09,9 

94 

89,9 

27,5 

54 

>47>3 

45,0 

14 

204,6 

62,6 

74 

262.0 

80,0 

35 

33>5 

10,2 

95 

90,8 

27,8 

55 

,48,2 

45,7 

15 

20  c, 6 

62,8 

75 

263,0 

So, 3 

3b 

34,4 

10,5 

96 

91,8 

28,1 

56 

149,2 

45  6 

l6. 

206,5 

63,1 

76 

263,9 

So, 6 

37 

35.4 

ro,8 

97 

92,8 

28,4 

57 

I5CyI 

45-9 

17 

207,5 

63,4 

77 

264,9 

80,9 

38 

36-3 

11, 1 

98 

93>7 

2S,6 

58 

1 5 1>  i 

46,2 

18 

208.5 

63,7 

78 

265,8 

81,2 

39 

37.3 

it, 4 

99 

94,7 

28,9 

59 

152,0 

46,5 

19 

20Q-4 

64,0 

79 

266,8 

81,5 

40 

38,2 

1 1.7 

IOO 

95.6 

29,2 

60 

1 50,0 

46,8 

20 

210-4 

64.3 

SO 

267,7 

81,7 

41 

39. 2 

12,0 

101 

96,6 

29>5 

l6l 

154,0 

47,' 

22  I 

ill, 3 

64,6 

2^  1 

268,7 

82,0 

42 

4°, 2 

I2-3 

02 

97,5 

29.8 

62 

154,9 

47=4 

22 

212,3 

64.9 

82 

269,7 

82,3 

43 

41,1 

12,6 

03 

98,5 

30,1 

63 

>55>9 

47,6 

23 

213,2 

65,2 

83 

270,6 

82,6 

44 

42,1 

>3.9 

04 

99,4 

30.4 

64 

156,8 

47,9 

24 

214,2 

65,5 

84 

271,6 

82,9 

45 

43.° 

>3.2 

°5 

100,4 

3  °,7 

65 

>57,8 

48,2 

25 

21  5,2 

64,8 

85 

272.5 

83,2 

46 

44.° 

13.4 

C6 

101,4 

31,0 

66 

>58,7 

48,4 

26 

216, 1 

66, 1 

86 

273,5 

83,5 

47 

44.9 

>3>7 

07 

102,3 

3t>3 

67 

1 59,7 

48,8 

27 

217,1 

66,4 

87 

2  74, 4 

83,8 

48 

45.9 

14,0 

08 

103,3 

3r,6 

68 

160,6 

49,i 

28 

218,0 

66,6 

82 

275,4 

84,1 

49 

46.9 

>4.3 

°9 

104,2 

3L9 

60 

161,6 

49,4 

29 

219.O 

66,9 

89 

276,4 

84,4 

5° 

47-8 

14,6 

10 

105,2 

32,2 

70 

1 62,6 

49-7 

3° 

219,9 

67,2 

90 

277,3 

84.7 

5i 

48,8 

14.9 

III 

106,1 

32>4 

171 

>63,5 

50,0 

231 

220,9 

67,3 

291 

278,3 

85,0 

52 

49>7 

15,2 

12 

107,1 

32>7 

72 

164,5 

5C>3 

22 

221,8 

67,8 

92 

279,2 

85,3 

S3 

50.7 

>5-5 

13 

108,1 

33>° 

73 

165,4 

50,6 

33 

222,8 

68,1 

93 

280,2 

85.5 

54 

51,6 

15.8 

>4 

109,0 

33  3 

74 

166,4 

5°, 9 

34 

223,8 

68,4 

94 

23  I,  I 

85.8 

55 

52,6 

16,1 

15 

110,0 

33,6 

75 

167,3 

51.2 

35 

224,7 

68,7 

95 

282,1 

86,1 

5fe 

53.5 

16,4 

16 

iio,9 

33  9 

76 

168,3 

5M 

36 

225>; 

69,0 

e6 

1283,0 

86  4 

57 

54.5 

16,7 

»7 

111,9 

34, 2 

77 

160,3 

5L7 

37 

226, ( 

6$,  5 

97 

284,7 

86,7 

5« 

55.5 

17,0 

18 

I  12,8 

34.5 

78 

170,2 

52,0 

3? 

227, 

69,6 

9? 

285,0 

87,0 

59 

56>4 

17,2 

J9 

117,8 

34,8 

75 

171,2 

52,3 

35 

228, 

69,9 

99 

285,5 

87,3 

60 

57>4 

>7.5 

2  C 

I74>7 

3  5,> 

8c 

172,1 

52,6 

4‘ 

229, 

c  70,2 

30c 

286,5 

87,6 

Dift 

Dep 

LaC. 

Did 

Dep. 

Bat. 

Dift 

Dep. 

Lat. 

Di( 

1  Dep 

Lat 

Dft 

:  Dep 

Lat. 

[  « 

J 

for  73  Deg. 

Ditierence  of  Latitude  and  Departure  for  18  Deo\ 


Uk  li 

^a-..  Dep. 

Uitt 

Lat.  T 

U  cp. 

Uift 

La  .  Dep. 

L1.1t 

Lat.  | 

Dep.  1 

Difl  Let.  IDcp. , 

1 

2 
3! 

i 

6 

7 

8 

9 

lO 

01,0  00,3 
01,9  00,6 
02,9  00,9 
03,8  01,2 
04,8  01,5 
05,7  01,9 
06,7  02,2 
07,6  02,5 
08,6  02,8 
09,5  o;,r 

61 

62 

63 

64 

65 

66 

67 

68 

!  69 
70 

58,0 

59,0 

59>9 

60,9 

61.8 

62.8 
63-7 
64,7 

65.6 

66.6 

18.8 
'9,2 

19  V 

19.8 
20,1 
20,4 

20  7 

2  1,0 
21,3 
21.6 

121 

22 

23 

24 

25 

26 

27 

28 

29 

70 ' 

"5>»;57  4 
>  *  6,0 1 3  7,7  ; 
117,0:38,01 
117,9138,5 

1  i3,q 1  -.3,6 
119,8  ;S  9 

1 20,3  '.,9.2 
,2i,7  j  39,6 1 

I22»7 1 39,9 
123.61  c,2 

7s7 

82 

83 

84 

85 

86 

H 

89 

90 

*72,1 155.9I 
173,1:56,2; 
174,0156,5 

1  '  5,i 2  j56>9! 
175,9  57.2 

176,9157,5 

J77>S  j  5 7»S 
178,8.58,, 
‘79,7 ,58,41 
180,7  58,7 

241 229,2 

42  230,1 

43  23  ,»I 
44'232>° 

45  233>c 

46  233,9 

47  234,9 

4*  235,8 
;  49  236,8 
50  277,8 

74.  ; 
74,8 

75, 
75>4 

7  r,7 
76,0 
76,3 
76,6 

:6,9 

77- Si 

J  I 

IO,5  03,4 

7* 

67.5 

21,9 

131 

124  6  40,5 

191 

181,6 

59,°| 

251  238,7 

77, 6| 

I  2 

1  *,4  03,7 

72 

68,5 

22,2 

32 

125,5  40,8 ; 

92 

.82,6 

59- 3i 

:  52 139,7 

77,9  • 

'3 

12,4  04,0 

1  73 

69>4 

22,6 

33 

126,541,1; 

93 

'83,5 

59.6) 

43  240,6 

-8,2 

14 

1 3,3  jo4,3 

74 

7°»4 

22,9 

34 

127, 4141,4! 

94 

184,5 

59.9 

54  241,6 

78,4 

J5 

x6 

14,3  04,0 

75 

7i,3  23,2 

35 

128,4:41,7 1 

95 

185,4.60,3 

55  242,5 

78,8; 

1 5,2 104,9  j 

76 

72,3 

23>5 

36 

129,3142,0! 

96 

186,4:60,6) 

56  243,5 

7  9,  i  j 

17 

iS 

10,2.05,3 

77 

73>2 

23,8 

37 

!3°, 3.42,3' 

97 

187,3  )6o,9 

57  244,4 

79,4 

17,1  05,0, 
2  8>  X  1 05,9  j 

74, 2 

24, 1 

38 

131,2  42,6: 

98 

188.5 

61,2 

58  245,4 

79,7 

T9 

79 

75.1 

24,4 

39 

*32>2  43>°; 

99 

189,2 

61,4! 

59  2-46.3 

8o,o 

20 

19,0  o'1, 2: 

So 

70,1 

24,7 

40 

153.1  43. 3I 

200 

190,2 

61,81 

60247, 3 

So,; 

21 

20,0  06,5 

1  8 1 

77,0 

25,0 

1 141 

134,1  43.6 

201 

191,2 

62,1 

|26i  248,2 
:  62  249,2 

80,6 

22 

20,9  c6,g 

!  S2 

?S,o 

25,3 

42 

13  5,0  43,9l 

02 

192,1 

62,4 

3 1,0 

*3 

21  9  07,1 

:  ?3 

78,9 

25,6 

43 

136,0  44,21 

°3 

*93>l 

62,7 

'  63  250,1 

Si, 3 

24 

22  8  07,4 

i  !♦ 

79>9 

26, o[ 

44 

i36,9  44,5! 

04 

194,0 

63,0 

64  251,1 

Si, 6 

25 

23,8  O’, 7 

i  s5 
86 

o°’o 

26,3 

45 

137,9  44,8 

°5 

195,0 

63.3! 

65  252,0 

Si. 9 

26 

24.7  c3,o 

81,8 

26,6 

4& 

138,8  45, i1 

06 

‘95,9 

63,7' 

66  243,0 

82,2 

»7 

24>7;c8,;| 

f  S7 

o2’7 

26,9 

47 

139,8  45,4: 

07 

196,9)64,0' 

6-  247,0 

32,5 

2S 

26,6  08,7. 

i  88 

83,7 

27,2 

48 

I4°,7!45>7 

c8 

197,8 

047  3  * 

1  68  2  54, q 

82, 8i 

29 

17,6  09,01 

j  89 

84,6 

27,5 

49 

141, 7  46,01 

09 

198,8164,6 

1  69  254,8)83,1 

3° 

2b.  ^  CO, 3  • 

*  90 

85,6 

27,8 

5° 

142,7  26,4 

IC 

1^9.7 

64.9 

j  70  256,8 

S5.4 

3' 

29,5  09,6 

1  9i 

86,5 

20,1 

15- 

143,6  46,7 

211 

200,7 

65,2' 

65.5! 

'271  257,7 

83,7 

3- 

3°, 4  09,5 

I  52 

87,5 

28,4 

52 

144,6  47, c, 

12 

201,6 

72  258,7 

S4.C 

33 

31,4  10,2, 

i  93 

88,4 

28,7 

53 

i45»5  47,5 

13 

202,6 

65.S1 

73  249,6 

84,4 

34 

32>3  io>5 

94 

SS,4 

29,01 

54 

146,5,47,6; 

14 

203,5 

66,1: 

74:26o,6 

33 

36 

33,3 ' 10,8 

ss 

9°, 3 

29,4 

55 

147,4  47,9 

15 

204,5 

66,4 

75  261,5 

8;,o 

34,2  11,1; 

96 

9‘>3 

29’7| 

5& 

148,4  48  2j 

16  205  4 

66,7 

76  262,5 

Sc, 3 

37 

35= 2  11,4 

57 

92>2 

50,01 

5' 

M9»3  4^»5 

17 

206,4 

67,1 

77263, 4 

35,6 

38 

36,i  i  >,7 

98 

93- 2  30.3' 

58 

1 50,3  ^.S,S 

iS 

207,3 

6:, 4 

78)264,4 

85^ 

39:37,1 12,1, 

99 

94,i 

3°, 6 

49 

151,2  =9,1 

19 

208.3 

67.7, 

79 1-65,3 

86,2 

40 

:o,o  12.4 

100 

95  1 

3°>9 

60 

1  52,2  49,4! 

20)  209,2 

6S,c  j 

|  80:266,7 

85.4 

4* 

39°  12,7 

IOI 

96,1 

31.2 

l6l 

153>!  49.71 

221 

210,2 

;iSi  26-, 2 

SC, 8 

42 

39>9'3>°| 

02 

97,0  31,5 

6  2 

154,1  ,40,1 

22 

21  I,T 

63,6! 

821268,2 

87,1 

43 

40,9,13,3' 

03 

98,0 

31,8. 

63 

1 5  c,°  5°>4 

23 

212,1 

6S,9 

:  83U60.1 

87.4 

44 

41  \  I  3'^ 

04 

98,9 

3 -> 1 

64 

156,0  50,7 

24 

213,0 

69.24 

j  84)270,1 
;  85  271,0 

St, 8 

45 

4-, S,  13,9 

°5 

99,9 

32>4 

65 

156,9  51,01 

25 

2  14,0 

f,9>  5 1 

88,1 

46 

43>7:i4,2, 

c6 

1=0,8 

32,8 

66 

157,9  5', 3. 

26 

214,9 

69,8 

86  272,0 

88,4 

47 

44-7  j  14,5  • 

07 

101,8 

33>i 

67 

158,8  51,6' 

27 

215,9 

70,1] 

87)272,9 

88,? 

48 

45,6  14,8 

oS 

102,7 

33,4 

68 

159,8  51,9, 

28 

216,8 

70,5 

88:273,9 

89,0 

49 

46,6  Is,  1 

c9 

i°3>7 

33,7 

69  160,7 1 52^2 

29 

217, S 

70,  sj 

89) 274,8 

90) 274,8 

80,4 

5? 

47,6' 1  4.5 

TO;  104,6 

34,o 

7° 

161,7 1 52,5'. 

3° 

2 1 8,7 

71.1 

8 '96 

5' 

48,5  15, S 

I  1  I 

105,6 

34,3! 

171 

162,6  52,8' 

231 

219  7 

7‘>4' 

291  276,7 

89,  Q 

52 

49,5 :  *6,i 

12 

106,5 

34,6 

4 

163,6,53,'! 

32 

220,6 

71.7 

92  277.7 

90,2 

53 

50,4 ,i 6,4 

13 

107.5 

34,9 

73 

*64,5;  53’5 

33 

221,6 

72,0 

93  278,6 

90,5 

54 

5 ‘>4;  J^>7 

14 

108,4 

35>2 

74 

165,5  53,8, 

34 

222,5 

72.3 

94f  279,6 

90,S 

55 

52,3 '  *7,0 

15 

1C9,4 

35,5 

75 

1 66,4  (54, 1  i 

35 
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i  s2 

s5-3 

34,5 

52 
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94 

87,2 
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54 
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9J 
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35,6 

5  5 
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56 
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16  (200,3 
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■  97 
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17 

201,2. 
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103,8 

38)35,2 

14.2, 

*  ' 

96 

90,9 

36,7 1 

,  58 

146,5-59,2 

10 

2C2  j  I 

8  r,7!  7S 

257, S( 

104,' 

39)36,2 

14,6 

.  S9 

-9t,6, 

37-1; 

'  59 

-147,4  59,6 

‘9 

203,1 

82,0!  |  79 

238,7 

4C.  37-i 

‘5,0 

•  ICO 

1 — 

'92.7 

iJf'U 

6z 

14^*4  59>9 

20)224,0: 

82.4  80 

155.6 

ICJ,?1 

4  * 1 3^>° 

15.4 

I  ICI 

93, 6 

3  /  y $  | 

l6  l 

,49,3  60,3 

22  I  j 

2=4,9! 

Sz,8  I28 1 

260,5) 

105,3 

42 138,9 

>5-7 

02 

94,6- 

S^j2 

62 

15^2 1  <.-0,7 1 

22  ’ 

20. .8- 

S3.2  -  82 

261,5) 

105,6 

43139-9 

16,1 

°3 

95-5 

58,6 

63 

151,161,1 ! 

2  % !  206,7 

83,5  1  83 

262,4 

106. c 

44140,8 

16  5! 

°4 

96.4 

39,0: 

64; 

152,1  61,4! 

24, 

207,7 

83,9  !  s4 

263.3 : 

106,4 

45  4>-7 

16,91 

°5 

97,4 

39,3! 

63 

>  53>°!  6  j,S 

25: 

2cS.o . 

84,3  85 

264,3 

106,8 

46  42,7 

>7,2| 

06 

98.3 

39,71 

66 

153,9  62,2 

26  200,5  34,7  86 

265,21 

IO7  I 

47(43,6 

>7.6 

07! 

£9>- 

AC,  I  ; 

67, 

154,8)62,6 

27. 

21c, 5 

s5,= :  87 

266,1 

i*  7,5 

4^| 44, 5 

iS.o 

OS  , 

ICO  1 

4°>5  . 

68: 

15.', 8  62.9 

22 

211,4. 

85,4  !  ss 

267  0! 

‘07,9 

49  45>4 

18,4. 

c9l 

IOI, I 

40, b  1 

69 

156,7  63,3 

.  20  |2J2,3 

Sj,S-j  89 

26S.0  108,3 

50  46,4 

18,7; 

IOi 

1 02,0  • 

41,2 

7~' 

157,6;  63,7 

30  [2  T  7, 3  j 

36,2-1  9: 

268,9) 

10S.6 

5>  47>3 

>9»> 

ml 

102,9! 

41,6 

171 

‘58,6(64,1 

231  j 

214,2! 

86,5  291 

269,8! 

ic9,c 

52i48,2 

‘9.5 

1 2  I 

103,8! 

42,0; 

72 

‘5?> 5  64,4 

32  ( 

215,' ! 

■56^  ;  92 

zjc  71 

109,4 

53 

19,9) 

>3 

104,8' 

42»3' 

73: 

160,4  64,8 

•j  5.! 

3  3 ; 

216,0 

8  7,3!  93 

2.7  1,7 

109.8 

54!  5°> 1 

20,2 

‘4 

105,- 

42-71 

74 

161,3  65,2 

34  - 

.17,0 

^7,7  1  94 

272,6 

IC,I 

55  5',° 

20,6, 

>5 

iDo.fc 

43,  >i 

75; 

162,3,65,6 

35(1 

217,9 

88,0  9:! 

2-3,3! 

10,5 

56  S', 9 

21,0  i 

l6 

io7>6|43,5! 

76, 

163,2  65,9 

3«|S 

-iS,8 

SS,4  96 

10, c 

5~  52>9 

21,4. 

1 7 

108,5; 

43^1 

77 1 

164,1  66,3 

37:‘ 

-'9,7 

88,8.  (  q?| 

275,4 1 

1 1,? 

58-53, S| 

21j7 

iSj 

Ii9-4( 

44,2 !| 

78 

165,0,66,7 

3  0  i 

■20,7 1 

3q,z  q8  : 

.76,3'. 

11,6 

59‘54,7j 

22,1 

’9 

110,3 

44,°,' 

79! 

166,0  67,1 

39  5 

21,6 

89,5..)  59: 

-77,2)1 

12, C 

6c  55,6 

22,5 

— 

II  1,3 

45,T 

8o| 

166,9  67,4 

4°}2 

.22  5 

89,9  300:3 

.78,2  112,4 

D.rtDep. 1 

Lor.! 

D  li: 

Dep.  | 

La:.  I 

Difti 

D  p.  1  Lat. 

Dirt)  Dcp.  1 

Lar.  Diftl  De j:  1 

Lat. 

for  63  Deg. 


Difference  of  Latitude  and  Departure  for  23  Deg. 


Dift 

Lat. :  Dep.  | 

Dill 

Lat.  | 

Jep.  1 

Dirt,  Lat. 

Dep. 

Dift 

L.,t.  j 

Dcp. 

Dift  I 

Lat. 

Dep. 

I  00,9  00;4j 

6l 

56>i 

23, 8( 

121 

111,4 

57>3 

181 

166,6 

7°, 7 

241 

221,3 

94,2 

2  01,8  00,8 

62 

57.1, 

24,2: 

22 

112,3 

47,7 

82 

'67,5 

71,' 

42 

222,8 

94,5 

3  ;o2,8  :cr,2 

63 

58,0! 

24,6 

23 

113,2 

48,1 

83 

168,5 

7L5 

43 

223,7 

94,9 

4-l°3,7j 

21,6 

64 

58,9! 

25.0! 

24 

114,1 

48,4 

i>4 

169,4 

7L9 

44 

224,6 

95  3 

5  j°4,6 

32,0 

*5 

59.3 

2  5  -4  i 

25 

115,1 

48,8 

85 

170,3 

7 

2,3 

45 

225,5 

95,7 

6  °5>5 

02,3 

66 

6  c,8 

25, SI 

2  b 

1 16,0 

49,2 

86 

171,2 

7 

2>7 

46 

226,4 

g6,i 

7106,4 

32,7 

67 

61,7 

26,2) 

27 

116,9 

49,6 

87 

172,1 

73,1 

47 

227,4 

96,5 

8107,4 

03,1 

'68 

62,6 

26,6 

28 

H7,S 

50,0 

88 

173,1 

73,5 

48 

228,3 

96,9 

9  |oS>3 

03.5 

69 

63.5 

27,° 

29 

118,7 

5°> 4 

89 

174,0 

73,8 

49 

229,2 

97,3 

IO  j09,2 

°3>9 

70 

64,4 

27,3 

3° 

119,7 

50,8 

90 

174,9 

74,2 

5° 

230,  r 

97-7 

11 

IC,T 

04.3 

71 

65.4 

27.7 

131 

120,6 

51,2 

roj 

175,8 

74,6 

251 

23  1.0 

58,1 

iz| 

11,0 

04.7 

72 

66,3 

28,1 

32 

121,5 

51,6 

92 

176,7  75, 0 

52 

232,0 

98,5 

1 3  1 

05,1 

73 

67,2 

28,5 

33 

122,4 

52,0 

93 

177,7 

5,4 

53 

232,9 

98,8 

14 

12,9 

°5.5 

74 

68,1 

28,9 

34 

123,3 

52,4 

94 

178,6  75,8 

54 

233.8 

99,2 

IS 

13,8 

°5>9 

75 

69,0 

29.3 

35 

124,3 

52>7 

95 

179,5 

7fl>2 

55 

234,7 

99,6 

16 

14.7 

06,3 

76 

70,0 

297 

S6 

12  5,2 

53>i 

96 

18c, 4 

-6,6' 

56 

235,6 

100,0 

17! 

15,6 

06,6 

77 

70.9 

30,1 

37 

126,1 

55,5 

97 

181,3 

77,0 

57 

246,6 
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l8i 

16,6 

07,0 

78 

71,8 

3°.  5 

38 

127,0 

53-9 

98 
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77,4 

58 

237,5 
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1 9 1 

i7>5 

°7.4 

79 

72,7 

30  9 

39 

127,9 

54,3 

99 

183,2 

77,7 

59 

238,4 

101,2 
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18,4 

07,8 

80 

73,6 

3 1 » 3 

40 

128,9 

54  >7 

200 
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78,1 

60 

239,3 

101,6 

21  l 

iS>3 

08,2 

81 

74.6 

31,6 

14  I 

129,8 

55,' 

201 

185,0 

78,5 

261 

240,2 
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22 

20,3 

08,6 

82 

75.5 

32,0 

42 

*3°, 7 

55,5 

02 

185,9 

78,9 

62 

241,2 

IC2;4 

23 

21,2 

09,0 

83 

7°>4 

32>4 

43 

131,6 

53,9 

03 
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79,3 

63 
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24 
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84 

77,3 
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44 
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°4 
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64 
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25 
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85 
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45 
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05 
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65 
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26 
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86 
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33.6 
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06 
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37.9 

57 

'44,5 

61,3 

J7 

199,7 

84,8 

77 
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59 
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60 
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20 
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109,4 

4' 

37.7 

16,0 
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03 
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63 
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23 
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83 
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44 

40.5 
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04 
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64 
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24 
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84 
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45 
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05 
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65 
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64.5 

25 
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1 
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85 

262,3 
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42.3 
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06 

97.6 

4i.4 
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86 
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47 
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48 
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08 
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68 
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2% 
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88 
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49 

45>i 
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09 
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69 
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66,0 

29 
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89 
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5° 

46.0 
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10 
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70 

1 16,5 

66,4 

30 
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80.9 
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46.9 
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1 1 1 

102,2 

|43>4 
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66,8 

I271 
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9°, 3 
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267,5 

113,7 

52 

47,9 

20,3 

12 
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43,8 

72 

15®<3 

67,2 

32 

215,6  90,6 

92 

268,8 

114,1 

53 

48,8 

20,7 

13 
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44.J 

73 

XS9>2 

67,6 

33 

214,5  91,° 

93 

269,7 

114,5 

54 

49.7 

21,1 

H 

104,9 

44,5 

74 

160,2 

6B,o 

34 

215,4 

91,4 

94 

270,6 

114,9 

55 

50,6 

21,5 

15 

105,9 

44,9 

75 
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68, a 

35 

21 6,3 

oi,8 

95 

271,5 

H5>3 

5° 

5i>5 

21,9 

16 

106, s 

«5>3 

162,0 

68, S 

36 

217,1 

92,2 

9C 

272,; 

115,6 

57 

5M 

22,3 

17 

107,7 

4  5,7 

77 

162,9 

69,2 

37 

2  I  0,5 

97 

273,4 

j  16,0 

58 

53,4 

22,7 

iS 

108,6 

40,1 

78 

163,8 

69,9 

38 

219, 

03,0 

98 

274,3 

1 16,4 

59 

54.3 

23.1 

19 

109,5 

46,5 

79 

164,8 

69,9 

39 

220,0  193,4 

99 

275,2 

n6,8 

60 

s  <^,2 

23,4 

20 

I  TO,e 

46,9 

8c 

163,7 

'0,7 

4° 

220,  9  l9'»8 

3Ci 

2t6,2 

I  I7>2 

Dili 

Dep. 

Lat. 

D'  H 

Dep, 

Lat. 

Dif 

■  Dep. 

L'  - 

!i>r, 

rv-o 

*  iT 

l  D 1  ft  I  Dop 

Lit. 

for  67  IT'ea 


Difference  of  Latitude  and  Departure  for  24  Deg’. 


Dili 

Lat. 

Dtp. 

1  Out 

Lat. 

Dtp. 

.  Unt 

I  Lat. 

Dep. 

L)  It 

L»*A. 

Dep. 

,D.lt 

La'..  Dtp. 

1 

j  00,0 

‘00,4 

6l 

,  55,7 

24,8 

121 

110,5 

49,2 

)  1S1 

[*65,3 

:73>6 

2^5  I 

220,2,  98,0 

2 

ci, 8 

00,8 

*  62 

56,6 

.2^,2 

22 

iu,4 

49,6 

82 

166,3 

74,0 

42 

221,1  98,4 

3 

02,7 

01,2 

63 

1  57,6 

25  6 

23 

112,4 

50,0 

83 

167,2 

74,4 

43 

222,0  98,8 

4 

03,7 

|oi,6 

64 

I  58,5 

126,0 

24 

**3.3 

50.4 

84 

168,1 

74>^ 

44 

2229:  95,2 

5 

04,6 

.02,0 

65 

59:4 

26,4 

25 

1*4,2 

50,8 

85 

169,0 

75,2 

451223,3]  99  6 

6 

05,5102,4 

65 

60,3 

26,8 

26 

115,1 

5*, 2 

86 

169,9 

75  6 

46)224,7  1*00,0 

7 

06,4 

02,8 

67 

61,2 

|17»2 

27 

x  16,0 

5l>7 

87 

i-o,3 

76.i 

47 

;  22  5,6 '100,5 

8 

°7>3 

°3>3 

68 1  62,1 

|27>7 

28 

**6,9 

52,  * 

88 

*7*>7 

76,5 

4i> 

[226,5  110,9 

9 

08,2 

°3>7 

69  63,0 

28,1 

29 

'**7,8 

52.5 

89 

*72,7 

76,9 

49 

1*27,5  101,3 

IO 

09,1 

04,1 

70 

63,9 

128,5 

30 

!  118,8 

52,9 

9C 

1171,6 

77-3 

5° 

228,4:101.7 

I  I 

I  10,0 

04.5 

7* 

64,9 

28,9 

131 

'**9,7 

53,3 

191 

*74.5 

77,7 

\z5' 

229,3  102,1 

12 

11,0 

04,9 

72 

65,8 

29.3 

32 

120,6 

53,7 

92 

*75,4  7»,i 

S2 

230,2  102,: 

13 

11,9 

05.3 

73 

66,7 

29>7 

33 

121,5 

54,1 

93 

176,3 

78,5 

S3 

231,2;  102,9 

14 

12,8 

°5>7 

74 

67,6 

3°.*! 

34 

122,4 

54,5 

!  94 

*77,2 

73,9 

54  232,0:103,3 

is 

1 3>7 

06,1 

75 

68,5  30,5 

35 

*23>3 

54,9 

!  95 

178,1 

79,3 

!  55 

232,9  103,7. 

36 

146 

|c6,5 

76 

69,4130,9 

36 

124,2 

55,3 

96 

179,0 

"9,7 

56  233,81 104,1 

17 

1*5.5 

06,9, 

7" 

/  / 

70.3 

3*. 3, 

37 

*25,1 

55,7 

97 

180,0 

82,1 

57 

234,6  104,5 

18 

i6>4|C7>3( 

78 

7*,3 

3*.7 

38 

126,1 

56,1 

98 

180,9 

80,5 

58 

235,7  104,5 

*9 

*7>4j07,7 ' 

79 

72,2 

32.*| 

39 

127,0 

36.5 

99 

181,8 

80,9 

59 

236,61  105,3 

20 

18,3 

08,  I 

80 

73.' 

32,5' 

40 

*27,9 

56.9 

200 

*82,7 

81,3 

|  60 

237.51  *°5-7 
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Lac. 

Dep. 

j  Dift 

L,t. 

Dep. 

D  ft 

La,.  jDep. 

Lilt 

181 

82 

83 

84 

85 

86 

87 

88 

89 

90 

Lai. 

Dep. 

|  IJiit 

Lv.i. 

L)e^ 

1 

z 

3 

4 

5 

6 

7 

8 

9 

10 

11 

iz 

J3 

14 

*5 

l6 

*7 

18 

19 

zo 

ZI 

zz 

23 

24 

25 
z6 

27 

zS 

29 

J2 

31 

32 

33 

34 

35 

36 

37 
3S 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

49 
5£ 
S' 

52 

53 

54 

55 

56 

57 
5* 

59 

60 

00,9 

01,7 

02,6 

c3-4 

04,3 

°5,i 

06,0 

06,9 

°7,7 

08,6 

09, j. 

10.3 

11. 1 
12,0 

12.9 

J3>7 

14.6 

15.4 

16.3 
'7,i 
18,0 

18.9 

19.7 

20.6 

21.4 
22,3 

23.1 
24,0 

24>9 

25.7 

00,5 
01,0 
01,5 
02, 1 

02,6 

03,1 

03,6 

04,1 

04,6 

03,2 

61 

62 

63 

64 

65 

66 
67 
6S 

6c- 

70 

52>3 

53,i 

54,o 

54,8 

55>7 

56,6 

57>* 

58,3 

59>' 

6:,o 

3', 4 
3'>9 
32>4 
33,o 
33,5 
34,o 
345 
35,o 
35-5 
36,1 

121 

22 

23 

24 

25 

2b 

27 

28 

29 

3° 

i°3>7 

104.6 

105,4 

106.3 
107,1 

ioS,o 

108,8 

109.7 
1 10,0 

11 1 .4 

162.3 

62.8 

63.3 

63’9 

64.4 

64.9 

65.4 

63.9 

66.4 
67,0 

155,1 

156,0 

156,8 

157.7 
158,5 

'59,4 
160,3 
161, j 
162,0 

162.8 

93,2 

93.7 

S4,i 

94.8 
95-3 
95-8 
9°, 3 
c6,8 

97-3 

97.9 

241 

42 

4.3 

44 

45 

46 

47 

48 

49 

50 

206,5 

207.4 

208.3 
200,1 
210,0 
210,8 
211,7 

212.5 

213.4 
214,3 

124.1 

124.6 

125.1 

125.6 

126.2 
"6,7 

127.2 

127.7 

128.2 

128.8 

°5-7 

06,2 

06,7 

07.2 

07, 7 

08,2 

08,8 

°9>3 
09,8 
r°,  3 

7' 

72 

73 

74 

75 

76 

77 

78 

79 

80 

60,8 

61.7 

62.6 
63,4 
64  3 
65,i 
6G,o 

66.8 

c7,7 

68.6 

36.6 
37,' 

37.6 

38.1 

38.6 
39,' 

39.7 

40.2 

40.7 
41:2 

'3' 

S2 

33 

34 

35 

36 

37 

38 

39 

40 

"2,3 

113,1 

114,0 

1 14,8 

"5.7 
"6,6 
"  7', 4 

"8,3 

1  r9, 1 
120,0 

67.5 
68,c 

68.5 

69,0 

69.5 

70,0 

70.6 

71.1 

71.6 

72.1 

191 

92 

93 

94 

95 
95 

97 

98 

99 
200 

163.7 

1 64,5 

165.4 

166.3 
167,1 
163,0 

1 68.8 
169,7 

1 70. 5 

171.4 

98.4 

98.9 

99.4 

99.9 
100,4 
IOO,C 

101.5 
02,0 

102.5 
103,0 

251 

52 

53 

54 

55 

56 

57 
5s 

59 

60 

2 1 5,  i 
21 5,0 
216,8 

217.7 
218,5 

219,4 

220,2 

221,1 

222,0 

222.8 

129,3 

129.3 

130.3 

130.8 

131.3 

131.8 

132.4 

132.9 

233.4 

i-3  3-o 

10  8 

",  3 

1 1.8 

12,4 

12.9 
'3.4 

13.9 
'4,4 

14.9 

15.C 

81 

82 

83 

84 

85 

86 

87 

88 

89 

90 

69,4 

70.3 
7',' 
72,0 
72,8 
73>7 
74,6 

75.4 
76,3 
77,i 

4', 7 

42.2 

42.7 

43.3 

43.8 

44.3 

44.8 
45>3 

45.8 

46.4 

46.9 

47.4 
479 

48.4 

48.9 

49.4 
50,0 

5°,  5 
51,0 

S'  5 

14 1 

42 

43 

44 

45 

46 
4: 

48 

49 

50 

'5' 

52 

53 

54 

55 

56 

57 

58 

59 

60 

120.8 
121,7 
122,6 
123,4 

124.3 

125.1 

126  O 

126.8 
'27,7 
128,6 

129.4 

'30,3 

'31,' 

132,0 

132,8 

133,7 

134.5 
135,4 
136,3 

137.1 

72.6 
73>i 

73.6 

74.2 

74.7 

75.2 

7  5-7 

76.2 

76.7 

77.3 

201 

02 

°3 

c4 

°5 

06 

07 

oS 

°9 

10 

172.3 
'73,‘ 
i74,o 
174,8 
175,7 
176,5 

’77,4 

178.3 
i79>i 

l80;O 

'03,5 

104,0 

i°4,5 

105.1 

105.6 

106. 1 

106.6 

107.1 

107.6 

108. 2 

261 

62 

63 

64 

65 

66 
67 
6  s 

69 

70 

223.7 

224,5 

215,4 

226,2 
227,1 
22S  0 

228.8 
229,7 

23°>5 
27  '•  4 

•34,4 

134.9 

135.4 
136,0 

136.5 

i37,o 

'37,5 

138,0 

138.5 

'39,1 

z6,6 

27,4 

28.3 
29,1 

3°,° 

3°,9 

31.7 

32,6 

33.4 
34-3 

i6,c 

16.5 
17,0 

’7,5 
18  0 
f  S,  3 

19. 1 
'9,6 

20. 1 

20.6 

9' 

92 

93 

94 

95 

96 

97 
58 
99 

roc 

78,0 

78,8 

79.7 
80,6 

81,4 

82,3 

83,1 

84,0 

84.8 
85,- 

77.8 

78.3 

78.8 
79-3 

79.8 

80.3 

80.9 

81.4 

81.9 

82.4 

2" 

12 

13 

14 

15 

16 
17 
iS 

19 

20 

180,8 

i8r,7 

182,5 

183.4 

184.3 

185.1 
186,0 

186.5 

187.7 

188.5 

189.4 

190.3 

191.1 

192,0 

192.8 
193,7 

194.5 
195-4 

196.3 

'97> ' 

108.7 

109.2 

109.7 

I  10,2 

110.7 
"1,2 
I"  8 
"2,3 
"2,8 

113.3 

271 

72 

73 

74 

75 

76 

77 

78 

79 

80 

232.2 

233.1 

234.0 

234.3 

235,7 

236.3 

237.4 

238.2 
239, 1 

240,  c 

139.6 

140.1 

140.6 

141.1 

141.6 

142.1 
'42,7 

14.3.2 

143.7 

144.2 

35>i 

36,° 

36>9 

37,7 

38.6 

39,4 

40,3 

41,1 

42,° 

42,9 

43.7 

44.6 
45>4 
4fi>3 
47,' 
48,0 

48.8 

49> 7 

50.6 

5i,4- 

21,1 

21,6 

22,1 

22,6 

232 

23.7 

24.2 

24.7 
25>2 

2  5, * 

26.3 

26.8 

27.3 

27.8 

28.3 
28,8 

29.4 
29,9 

3  °>4 

3  °,9 

IOI 

02 

°3 

04 

°5 

06 

°7 

08 

09 

10 

hi 

12 

'3 

'4 

'5 

16 

I  '7 

18 

'9 

20 

£6,6 

87,4 

88.3 
89,1 

9°»° 

90.8 

9 ',7 

92.6 

93.4 

94.3 

95>» 

96,0 

96.8 

97.7 
98,6 

99.4 
100,3 
IOI, 1 
102,0 
102,8 

52,0 

52.5 

53, ° 

53.6 

54, ' 

54.6 

55.1 
55-6 

56.1 

56.7 

57.2 

57.7 

58.2 

58.7 

59.2 

59.7 

60.3 

60.8 

61.3 

6t,8 

161 

62 

63 

64 

65 

66 

67 

68 

69 

70 

171 

72 

73 

74 

75 

76 

77 

78 

79 

80 

138,0 

138,8 

>39,7 

140,5 

14D4 

142,3 

i43,i 

144,0 

'44-8 

•45,7 

82.9 

83.4 

83.9 

84.5 

85,0 

85.5 
860 

86.5 

87,0 

87.6 

221 

22 

23 

24 

25 

26 

27 

28 

29 

3° 

113.8 
114,3 

1 14.8 

"5,4 

"5-9 

lib,.) 

1 16.9 
H7,4 

117.9 
"8.5 

2Sl 

O  1 

83 

84 

85 

86 

87 

88 

89 

90 

240,3 

241.7 

242,5 

243-4 
244,2 
245, 1 

246,0 

246.8 

247.7 

248.7 

‘44,7 

i4j,2 

'45,7 

146.3 

146.8 

147.3 

147.8 

148.3 

148.8 

1494 

146,5 
147,4 
148,3 
149,1 
150.0 
150,8 
1 51,7 
'52,5 
1.53-4 
'54-3 

88.1 
88,6 

89.1 

8g,6 

90.1 

90.6 

91.2 
9L7 

92.2 

92.7 

231 

32 

33 

34 

35 

36 

37 

38 

39 

40 

19S.0 

198,8 

199.7 
200,5 
201,4 
202,3 
203,1 
204,0 

204.8 
205,7 

119,0 

‘19,5 

120,0 

120.5 
121,0 

121.5 

122.1 

122.6 

123.1 

123.6 

291 

92 

93 

94 

95 

96 

97 

98 

99 
300 

Dift 

2^9,4 

250,2 

251,1 

252,0 

252,8 

253>7 

2  54>  5 
255,4 
25  , ,2 

25  ,  J 

149.9 

150.4 

150.9 
15D4 
'5', 9 

152.4 
'53>o 
■53-5 
154,0 

1 54f  5 

Jilt  ID-1). 

jL,ar. 

Dill 

l>p. 

Lat, 

Dift 

Dip. 

Lat. 

Dift 

Hen. 

L,„ 

Dep. 

Lit. 

for  <9  D 


Difference  of  Latitude  and  Departure  for  32  Deg* 


Dift 

Lit.  1  Dep. 

Dift 

Lit. 

]Dep. 

Dift 

|  Lat. 

|Dep. 

Diit 

Lat. 

Dp. 

,D  ft 

Lit. 

Dep.  j 

I 

00,8 

00,5 

6l 

5I>7|32>3 

1 2  I 

102,6)64,1 

181 

*53,5 

95  9 

241 

204  4 

•27,7 

2 

01,7 

01,1 

62 

52.6 

132,9 

22 

*°3>5  64,7 

82 

154,3 

9*>S 

42 

205,2 

128  3 

3 

02,5 

oi,6 

63 

53-4.33,4 

23 

1 104,3:65,2 

83 

'55-2 

97,o 

43 

2c6,i 

128,8 

4 

03.4 

02,1 

64 

54-3  33>9 

24 

i  105,2 

65,7 

;  84 

156,0 

97,5 

44 

206,9 

,29>3 

5 

04,1 

02,7 

65 

55-1 

34,5 

25 

!  106,0 

66,3 

8  5 

156,9 

98,1 

45 

207,8 

129,9 

6 

°5.i 

°3,2 

66 

56,0 

35,o 

26 

1 106,8 

66,8 

86 

i57,7 

98,6 

46 

208,6 

*30,4 

7 

°5>9 

°3»7 

67 

56,8 

35-5 

27 

|i°7-7 

67,3 

87 

'58,6 

99,i 

47 

209,5 

'30,9 

8 

06,8 

04,2 

68 

57,7 

36,0 

28 

108,5 

67,8 

88 

159,4 

99,6 

48 

2-10,3 

I3L4 

9 

07,6 

04,8 

69 

58,5 

36,6 

29 

|  109.4,68,4 

89 

160,3 

100,2 

49 

21  1,2 

132,0 

10 

08,5 

°5>3 

70 

59,4)37,1 

30 

1 110,2  j  68, 9 

qc 

l6l,I 

100,7 

5° 

2  12,0 

132,5 

1 1 

c9>3 

05,8 

71 

60,2 

1 37-6 

>31 

III,I 

-69,4 

19  I 

162,0 

101,2 

251 

212,8 

'33-° 

12 

10,2 

06,4 

72 

61,  j 

38,2 

32 

11 1, 9!  70,0 

92 

162,8 

101,8 

52 

213,7 

'33,6 

13 

1 1,0 

06,9 

73 

61,9 

38,7 

33 

112,8 

7°>5 

93 

163,7 

102,3 

53 

214,5 

'34,' 

14 

>i,9 

07,4 

74 

62,8 

39,2 

34 

j 1  *3,6 

71,0 

94 

164,5 

102,8 

54 

215-4 

134,6 

15 

12,7 

08,0 

75 

63,6 

39,8 

35 

1  *4,5 

71,6 

95 

'65,4 

103,4 

55 

216,2 

■35>2 

16 

13,6 

08,5 

76 

64-4 

4°,3 

36 

ii5>3 

72,1 

96 

166,2 

103,9 

56 

217,1 

'35-7 

17 

>4,4 

09,0 

77 

65-3 

40,8 

37 

116,2 

72,6 

97 

167,1 

104.4 

57 

217,9 

136,2 

18 

1 5,3 

°9>5 

78 

66,1 

4L3 

38 

117,0 

73,* 

98 

167,9 

104,9 

58 

2l8,8 

*3®»7 

19 

16,1 

10,1 

79 

67,0 

4L9 

39 

ii7.,9 

73,7 

99 

r  68,8 

105,5 

59 

219,6 

*37,3 

20 

17,0 

10,6 

80 

67,8 

42,4 

40 

118,7 

74,2 

2C0 

169,6 

106,0 

60 

220,5 

'37,8 

21 

17,8 

11, 1 

81 

68,7 

42,9 

141 

119,6 

74,7 

201 

170,4  106,5 

26l 

221,3 

'38,3 

22 

>8,7 

n,7 

82 

69>5 

43,5 

42 

120,4 

7  5>3 

02 

I7L3 

107,1 

62 

222,2 

138,9 

23 

i9>5 

12,2 

83 

7°,4|44,o 

43 

121,3 

75-8 

°3 

172,1 

107,6 

63 

223,0 

*39-4 

24 

20,4 

I2»7 

84 

71,2,44,5 

44 

122,1 

76,3 

04 

*73>o 

108,1 

64 

223,9 

■39-9 

25 

21,2 

>3,3 

85 

72> it45, 1 

45 

123,0 

76,9 

o> 

173,8 

108,7 

65 

224,7 

140.5 

26 

22,0 

13,8 

86 

72>9  45, 6 

46 

123.8 

77,4 

06 

174,7 

109,2 

66 

225,6 

141,0 

*7 

22,9 

i4»3 

87 

73.8  46-i 

47 

77,9 

°7 

175,5 

109,7 

67 

226,4 

'4*>5 

28 

23.7 

14,8 

88 

74,6  46,6 

48 

123,5 

78,4 

08 

176,4 

I  IC,2 

68 

227,3 

142,0 

29 

24,6 

>5,4 

89 

75,5  47,2 

49 

126,4 

79,o 

09 

>77,2 

no,8 

69 

22S,  1 

142,6 

3° 

25>4 

>5,9 

90 

76-3,47,7 

!  s° 

T2**.2 

79,5 

IO 

178,1 

111,3' 

70 

229,0 

143,1 

31 

26,3 

16,4 

9i 

77,2 

48,2 

'5i 

128,0 

80,0 

'211 

178,9 

m,8 

271 

229,8 

143,6 

32l27>t 

>7>° 

92 

78,0  48,8 

52 

128,9 

80,6 

12 

179,8 

112  4 

72 

23°>7 

144,2 

33 

28,0 

17.5i 

93 

78,9  49,3 

53 

I29>7 

81,1 

*3 

1  80,6 

112,9 

73 

23',5 

'44-7 

34  28,8 

18,0 

94 

79>7  49>8 

54 

130,6 

8 1,6 

14 

181,5 

113,4 

74 

232.4 

145,2 

35 

29>7 

18, 6| 

95 

80,6 

5°, 4 

55 

*3*> 4 

82,2 

*5 

182,3 

114,0 

75 

233,2 

145,8 

36 

3°>5 

19,1 

96 

81,4  5°>9 

56 

*32,3 

82,7 

16 

183.2 

114,5 

76 

234,0 

146,3 

37 

3*, 4 

19,6 

97 

82,3 

5', 4 

57l 

133.1 

83,2 

*7 

184,0 

115,0 

77 

234,9 

146,8 

38 

32,2 

20, 1 

98 

83,1 

5>,9 

5S  134,0 

83,7 

18 

184,9 

-15,5 

78 

235,7 

'47-3 

39 

33. 1 

20,7 

99 

84,0)52,5 

59 

134,8 

84,5 

*9 

185,7 

116,1 

■9 

236,6 

147,9 

40 

3  3,9 

21,2 

IOO 

84,8  53,0 

6o|  1357 

84, S 

20 

l86,6 

1 16,6 

80 

237,4 

148,4 

41 

34, s 

21,7 

IOI 

85>6|53,5; 

l6l 

*36,585,3 

221 

187,4 

117,1 

281 

238,3 

'48,9 

42 

35,6 

22,3 

02 

S6.5  54,1 

6ll 

*37,4)85.9 

22 

1 SS,  3 

*  1  ,7 

82 

239,' 

'49-5 

43 

36,5 

22,8 

03 

87,3(54,6 

63 

138,2)86,4 

23 

189,1 

118,2 

83 

240,0 

150,0 

44 

37,3l23>3 

04 

88,2! 

55-' 

64  1 39, 1  j  86,9 

24 

190,0 

118,7 

84 

240,8 

'5°,  5 

45 

38,2 1 

23,9 

05 

89,0, 

55-7 

65  *39,9,87,5 

25 

190,8 

II9.3 

85 

241,7 

151,1 

46 

39,o  24.4 

06: 

So, 9  56,2 

66; 

140,8:88,0 

26 

191,6 

119,8 

242,5 

151,6 

47 

39>9i24»9 

07 

9°,  7 

56,7 

671141,6188,5 

27 

192,5 

120,3 

87 

243-4 

152,1 

48 

40,7 

23,4 

08 

91,6 

57,2 

68 ; 

142,5189,0 

28 

*93,3 

120,8 

88 

244,2 

152,6 

49 

41,6  26,0 

c9| 

92  4 

57,8 

69;  r43>3 ! ^9,61 

29 

194,2 

121,4 

89 

245, 1 

■53,2 

50 

42,4 

26,5 

I0| 

93-3 

58.3 

70 

144,2! 

90,1 1 

30 

105.0' 

121,9 

90 

245-9 

'53,7 

51 

43,2|27> 

III 

94,1 

58,8 

*7*j 

145,0  90,6) 

23 1 

*95  9 

122,4 

291 

246,8 

'54,2 

S'- 

44,1127.6 

12 

95>° 

59-4 

72 

i45,9!9i.2; 

S2 

196,7 

123,0 

92 

247  6 

'54,8 

S3 

44,9 '28, 1 

13 

95>8 

59-9 

73 

146," ! 

91.7; 

33 

197.6 

123,5 

93 

248-5 

*55-3 

S4|4S,8]28,6 

14 

96,7 

60,4 

74 

147-6.92,2 

34 

198,4 

124,0 

94 

249-3 

'55-8 

55  46,6)29,2 

15 

97,5 

61,0 

75 

148,4)92,8 

55 

*99,3  i 

124,6 

95 

250,2 

156,4 

56 

47,5 : 29>7 

16 

98,4  61,5 

76 

149,2. 

93>3 

S6 

200, 1  j 

I25.. 

96 

251,0 

156,9 

37  48,3  3°>2 

*7 

99,2) 

62,0 

77 

150,1  93,8 

37 

201,0; 

125,6 

97 

251  9 

‘57-4 

38)49,2 

30,7 

18 

IOO.  I 

62,5 

78 

150.9  94.3 

38 

201,8  | 

126,1 

9s 

252,7 

'57-9 

59 

50,0 

3  *>3 

19 

100,963,1 

79 

151,8-94  0 

39 

202,7 

126,7 

99 

253-6 

*53,5 

6c1 

5°>9 

31,8 

20; 

ici,8  63,6 

80 

152,6 

95-4) 

40 

203,5! 

127.2 

300 

2  54-4 

159,0 

iDift'Dep.i 

Lat. 

Dift 

Dep.  | 

Lat. 

Dift 

D  p.  | 

Lut.l 

Dift 

Dep.  | 

Lat. 

Dift 

Dep. 

L«t. 

l  - 

for  58  Deg. 

Difference  of  Latitude  and  Departure  for  33  Deg. 


Dift 

Lat. 

Dep. 

Dift  j 

Lat. 

De;.) 

Dili 

Lai. 

Dep. 

Diit 

Lat. 

Dep. 

Dill 

Lat. 

1 

00,8 

00,5 

In 

51,2 

33>2 

121 

101,5 

65,9 

181 

151,8 

9S,6 

241 

202,1 

131,2 

_ 2, 

01,7 

01,1 

62 

52,0 

33.8 

22 

102,3 

66,4 

82 

152,6 

99>' 

42 

202,0 

131,8 

3 

02,5 

01,6 

63 

52,8 

34*3 

23 

103,1 

67,0 

83 

153,5 

99,7 

43 

203,8 

i32>3 

4 

°3>4 

02,2 

64 

53,7 

34,9 

24 

104,0 

67,5 

84 

'54,3 

ICQ, 2 

44 

204,6 

132,9 

5 

04,2 

02,7 

65 

54,5 

35  4 

2S 

104,8 

68,1 

85 

155, 1 

100,8 

45 

205,5 

133,4 

6 

05,0 

°3>3 

66 

55>3 

35>9 

26 

I05>7 

68,6 

86 

156,0 

i°i,3 

46 

206,3 

i34.o 

7 

05,9 

03,8 

67 

56,2 

3^,5 

27 

106,5 

69,2 

87 

156,8 

101,8 

47 

207,1 

1 34 , 5 

8 

06,7 

°4>3 

68 

57,o 

37>° 

28 

10713 

69.7 

88 

157,7 

102,4 

48 

208,0 

!35>i 

9 

°7>5 

04,9 

69 

57,9 

37, 6 

29 

108,2 

7°)  3 

89 

158,5 

102,9 

49 

208,8 

135>6 

ro 

05,4 

70 

58.7 

38,1 

30 

109,0 

70,8 

90 

159,3 

103.5 

S'3 

209,7 

136,2 

j  1 

09,2 

06,0 

7i 

59>S 

38,7 

!3i 

109,9 

7D3 

191 

160,2 

104,0 

251 

210,5 

136,7 

1 2 

10,1 

06,5 

72 

60,4 

39>2 

32 

110,7 

7', 9 

02 

16 1,0 

104,6 

52 

211,3 

137,2 

13 

10,9 

07,1 

73 

61,2 

39.3 

33 

111,5 

72,4 

93 

161,8 

105,1 

S3 

212,2 

'37,8 

*4 

i',7 

07,6 

74 

62,1 

5°;  3 

34 

112,4 

73,° 

94 

I02>7 

105,7 

54 

213,0 

!38,3 

IS 

12,6 

08,2 

75 

62,9 

40,8 

35 

113,2 

73>5 

95 

163,5 

106,2 

55 

213,8 

138,9 

lb 

«3>4 

08,7 

76 

63,7 

4i,4 

36 

114,0 

74)1 

96 

164.4 

106,7 

56 

214,7 

!39,4 

17 

*4.3 

°9>3 

77 

64,6 

4i>9 

37 

”4,9 

74)6 

97 

165,2 

107,3 

57 

215,5 

140,0, 

18 

r5>i 

09,8 

78 

65,4 

42>5 

3S 

1 1 5-7 

7  5»2 

9S 

166,0 

107,81 

S8 

21  6,4 

140,5 

19 

15,9 

10,3 

79 

66,2 

43>° 

39 

116,6 

7  5>7 

99 

1 66,g 

108,4 1 

59 

217,2 

141,1 

20 

16,8 

10,9 

80 

67  1 

43,6 

40 

”7,4 

76,2 

200 

167,7 

ioS,<3 

6o; 

2l8,0 

141,6 

21 

17,6 

11,4 

81 

67.9 

44,i 

141 

118,2 

76,8 

201 

168,6 

109,5 

261 

218,9 

142,1 

22 

18,4 

12,0 

82 

68,8 

44,7 

42 

119,1 

77,3 

02 

169,4 

Il0,0 

62 

219,7 

142,7 

23 

1 9»  3 

I2’S 

83 

69,6 

45>2 

43 

119,9 

77,9 

03 1 170,2 

1 10,6 

63 

220,6 

143^2 

24 

20,1 

*3’* 

84 

7°>4 

45,7 

44 

120,8 

78,4 

04 

171,1 

II  1,1 

041221,4 

143,8 

25 

21,0 

13,6 

85 

7J’3 

46,3 

45 

121,6 

79>° 

°5 

I7L9 

111,6 

b5 

222,2 

J44’3 

26 

21,8 

14,2 

86 

72,1 

46,8 

46 

122,4 

79.5 

0-5 

172,8 

I  12,2 

66 

223,1 

144,9 

27 

22,6 

i4»7 

87 

73,o 

47,4 

47 

123,3 

80,1 

07 

173,6 

112,7 

67 

223,9 

145,4 

28 

23>5 

15,2 

88 

73,3 

47-9 

48 

124,1 

80,6 

oS 

174,4 

■13,3 

68 

224,7 

146,0 

29 

24,3 

15,8 

89 

74,6 

48,5 

49 

125,0 

8i,i 

°9 

175,3 

113,8 

69 

225,6 

146,5 

3° 

25,2 

16,3 

90 

75'5 

49  ° 

5° 

125,8 

81,7 

IO 

176,1 

114,4 

7° 

226,4 

147,0 

3 1 

26,0 

1 6,9 

91 

76,3 

49) 6 

I5I 

120,6 

82,2 

211 

176,9 

114,9 

271 

227,3 

147,6 

32 

26,8 

!7>4 

92 

77>2 

50,1 

52 

*27,5 

82,8 

12 

177.8 

”5,5 

72 

228,1 

148,1 

33 

27.7 

18,0 

93 

78,0 

50,6 

53 

128,3 

83-3 

13 

178,6 

1 16,0 

73 

228,9 

148,7 

34 

28,5 

18,5 

94 

78,8 

51,2 

54 

T29>1 

83.9 

14 

j79>5 

1165 

74  j229>° 

149,2 

35 

29,4 

19,1 

95 

79  7 

5 1  >7 

55 

130,0 

84,4 

!5 

180,3 

1 17,1 

751230,6 

149,8 

36 

3°, 2 

19,6 

96 

80,5 

5  ?)  3 

56 

i3°,8 

85,0 

16 

181,1 

117,6 

76 

231,5 

15°>3 

37 

3  0° 

20  2 

97 

81,3 

52,8 

57 

>3L7 

85,5 

17 

182,0 

118,2 

77. 

232,3 

150,9  ; 

3* 

3'>9 

20,7 

98 

82,2 

53,4 

58 

132,5 

36,o 

18 

182,8 

118,7 

78 

233’i 

I5L4 

39 

32>7 

21,2 

99 

83,0 

53-5 

59 

T  3  3 » 3 

86,6 

19 

183,7 

”9,31 

79 

214,0 

'5  D9 

40 

33,5 

21,8 

IOO 

87,9 

54.5 

60 

134-2 

87,1 

20 

184.5 

1 19.8 

80 

234,8 

T52,5 

4i 

34,4 

22>3 

IOI 

84,7 

55,o 

l6l 

!35>° 

87)7 

22  I 

185,3 

120,4 

281 

235,6 

153,0 

42 

35>2 

22,9 

02 

8  5;5 

55>5 

62 

135,9 

88,2 

22 

1 86,2 

120,9 

82 

236,5 

155,6 

43 

36,1 

23>4 

°3 

86.-4 

S6)i 

63 

136.7 

88,8 

23 

i8-,o 

121,4 

s3 

237,3 

154,1 

44 

36,9 

24  O 

04 

$7:1 

56,6 

64 

i  37,5 

?9)3 

24 

187,8 

12^,0 

84 

238,2 

154  7 

45 

37>7 

24>5 

°5 

88,  v 

57  2 

65 

■38,4 

89,9 

25 

188,7 

122,5 

85 

239,0 

155,2 

46 

38,6 

25,1 

Ob 

88,9 

57,7 

66 

139,2 

90,4 

26 

189  5 

123,1 

86 

239,8 

*5  5=8 

47 

39,4 

25>b 

07 

89,7 

58,3 

67 

14c, c 

50,9 

27 

190,4 

123,6 

87 

240,7 

>56,3 

48 

4° ’.3 

26,1 

c8 

90,6 

58,8 

63 

140,9 

9', 5 

28 

191,2 

124,2 

88 

241,5 

156,8 

49 

41,1 

26,7 

°9 

9 ‘>4 

59>4 

69 

|,4I»7 

92,0 

29 

192  O 

124,7 

89 

232,5 

i57>4 

50 

4i)9 

27,2 

IO 

92.2 

59, Q 

70 

142,6 

92,6 

,  30 

112,9 

”5,3 

90 

24-  2 

'57  9 

5' 

42,8 

27,8 

III 

93, 1 

60,  H 

171 

143,4 

93)1 

23 1 

1 1 9  3  >  7 

125,8 

291 

244,0 

>58,5 

5- 

43>6 

28,3 

12 

9  3  ’9 

61,0 

72 

144,2 

93,7 

32 

194,6 

126,3 

92 

244,9 

1 59>^’ 

S3 

44,4 

28,9 

13 

94,8 

61,5 

73 

I45-1 

94.2 

33 

i  195>4 

126  9 

93 

245.7 

'iS9’c’ 

54 

4  S’  3 

29>4 

M 

95,6 

62,1 

74 

145  9 

94,8 

34 

1196,2 

217,4 

94 

246,5 

i6o,T 

55 

46,1 

30,0 

15 

96,4 

62,6 

75 

146,8 

95,3 

35 

1  i97:i 

128,0 

95 

247,4 

160,7 

56 !  47 

3°,  5 

l6 

97,3 

63,2 

76 

147,6 

9 

36 

197,9 

i2S,5 

96 

248,2 

i6j  2 

'  57 

4- ,8 

31,0 

17 

98,1 

63,7 

77 

148,4 

96,4 

37 

198,7 

120,1 

97 

249,1 

161,7 

5? 

48.6 

31,6 

1? 

99,0 

64>3 

78 

149,3 

96,9 

38 

199,6 

129,0 

98 

249,9 

162,3 

55 

49  >  5 

32' 1 

IC 

99,8 

64*8 

75 

150,1 

97,5 

35 

200,4 

130,2 

99 

250,7 

162,8 

6c 

. 

32’7 

2C 

100,6 

65,-1 

8c 

r  50, c 

98.0 

40 

2c : ,  3 

130,-: 

3OC 

251,6 

163,4 

Dir 

Dep 

Lat. 

Dift  j  Dep. 

Lat. 

|0i( 

Dep, 

Lat: 

|i>f 

Dep. 

Lat. 

(D.f 

Dep. 

Lat. 

f  8 

1 

J 

tor  57  Deg. 

Dift 

I  Lar. 

JX’p. 

x]oo,8 

02,6 

2 

ci;7  91, i; 

3 

02,5 

P',7 

4 

P3>3 

'02,2 

5  °4>i  02,81 

6 

05,0*03.4 

7  05,8(03,9 

8 

106,6.04,5 

9  °7>5i°5  0 

10(08,3  [05,6 

I  I 

09,1 

106,2 

12 

09,9 

(06,7! 

13(10,8(07,3 

1411,6(07,8 

•5 

•  ,4 

i°°»4 

l6 

•3>3 

(08,9 

•7 

14,1 

P9>5 

18 

•4,9 

IO  I 

•9 

1  c,8 

10,6 

20 

16,6 

'11,2 

21 

1 7>4 

••,7 

22 

18,2 

•2,3 

23 

19,1 

12,9 

24 

•9,9 

•3-4 

1  23 

20,7 

•4P 

j  20 

21,6 

•45* 

27 

22,4 

•5,i, 

23 

27,2 

•5-7 

29 

24,0 

16,2 

3°  24,9 

1 6^8 

31 

25,7 

•7,3 

32 

26*5 

•7,9 

33 

27,4 

r8  5 

34 

28,2 

19,0 

35 

29,0 

19,6 

36 

29, S 

20,1 

57 

3°>7 

20,7 

38 

3i,5 

21,2  j 

39 

32,3 

21,8 

40  33-2 

22,4 

4r 

34,o 

22,9 

42:34,?. 

22,5 

43;35>6 

24,0 

44 1 36,5 

24,61 

45 

3', 3 

25,2: 

46(38,1 

25.7 1  ( 

47*39,0 

263  ( 

4  S  j 39,8 

--6,?! 

49(40,6 

-'7,4  ( 

50(41,5 

28,0  1 

5i, 

42,3 

zS>5  ( 

52, 

43,1 

2?,fn 

53  43,9 

54  44,s 

29,6(1 
30,2  j ! 

55, 45> 6 

30,8  * 

56,46,4 

3 I 

57 

47,3 

31,9 

5sj4s,i 

32,4 

59 

48,9133,0. ; 

60(49.7 

33,6*1 

Dill  1  Dap. 

Lar. 

D: Terence  of  Latitude  ancl  Departure  for  34  Deg. 


62  5' >4 1 34,7 
63' 5*. 35.2 


Sls^iiw 

7Q  3^.0  30)1 1 

7 1  ^ 5S»9  39»7i 
7*  59>7  4°>lj 
73  63,5140,8' 

74:61, 3[4i,4l 

75 ! fra, 2  4i,9’ 
76 , 63,0142,5 
77163,8(43,1 

78  64,7(43,6 

79  65,5  44, a; 

80  66, 3 1 44,7 
Si  67,1  45,3 
82  68,o;45,g 
83:68,8*46,4! 
84  69,6147,0; 

85 7°, 5  47,5* 
86(71,3  48,1 

57172.1  [48,7 
S8;  73,0  49,2 
S9  7 3>S  * 49,8 1 
90,74,6  50,3 

9 1 ; 7  5>4  f  5°»9 i 
9- ;  76,3 1 51,4 
93  1 77> 1  (52,0 
94;77)9!52j6 

95178,853  1 

79>6j53*7i 
80,4  54,2 
81,2(54,8 

991 82.1  j  55,4 
loo! 82,9  55,9' 
.101  83,7 

02(84,6 
03,85,4 
04(86,2 
05(37,0 
06*87,9 

07  88,- 


96 

97 

98 


08  89,5 
09(90,4 
10*01,2 

II  1  |  92,0 
12  92, S 
13(93,2 

14  94)5 

15  95>3 
16(96,2 
17197,0 
18(97,8 

*9  re*,7 


56,5: 

?7>°! 

57,6 

58,2! 

5S.7( 

59)31 

S9>8 

60,41 

6  i,o 

6»'S 

62.3 
62  6 
63,2 
63»7 ; 
64>3 
64,9 

63.4 

66,o, 

66,5' 

>7»' 


Dill 

:  Lat. 

;  Dcp. 

Dut 

|  Lat. 

1  l>p- 

;  I2j 

100,3 

67,7 

i  l8  1 

150,0 

101,2 

2° 

101,1 

68  2 

82 

•50,9 

!  ior,8 

23 

102,0 

63,8 

83 

•51,7 

102,3 

24 

102,8 

:  69,3 

84 

•52,5 

(102,9 

2s 

103,6 

®9’9 

85 

•53,4 

103,5 

I  26 

•04,5 

70>5 

86 

•54,2 

1 104,0 

27 

•05,3 

1  7 ',0 

87 

•55> 0 

1 104,6 

28 

106,1 

71,6 

88 

•55,9 

j  ioc,  1 

29 

106,9 

72,1 

89 

•56,7 

ji°5,7 

1  3° 

107.8 

1  72,7 

90 

•57,5 

1 106,2 

!;3i 

108,6 

73,3 

•9i 

‘58,3 

- 

o' 

) 

!  32 

1 109,4 

73.s 

92 

159*2 

(107,4 

33 

110,3 

74,4 

93 

160,0 

1 107,9 

34 

III, I 

74,9 

94 

160,8 

108,5 

35 

III  9 

75-5 

95 

161,7 

109,0 

36 

112,7 

70,1 

96 

162,5 

109,6 

57 

113,6 

766 

97 

•63,3 

110,2 

3s 

••4,4 

77,2 

98 

164,1 

110,7 

39 

115,2 

77,7 

99 

165,0 

•*i,3 

40 

1 16,1 

78.3 

'  2CO 

165,8 

'in, 8 

141 

116,9 

78,3 

201 

i6fc,6 

112,4 

42 

1 17,7 

79,4 

02 

•67,5 

113,0 

43 

118,5 

80,0 

°3 

163,3 

,"3,5 

44 

119,4 

So,  5 

04 

169,1 

» *4,1 

45 

120,2 

8j,i  ( 

05 

169,9 

114,6 

46 

121,0 

81,6 

06 

170,8 

115,2 

47 

121.9 

82,2! 

07 

171,6 

115.8 

48 

122,7 

Si.  S  j 

08 

•72,4 

.16,3 

49 

123,5 

83,3; 

c9 

•73,3 

1 16,9 

5° 

124.4 

83.9 

IO 

i74,i 

H7,4 

•5' 

125,2 

84.4 : 

2  I  1 

•74,9 

118,0 

52 

126,0 

85,0* 

12 

•75-7 

118,6 

53 

126,8 

j!’6! 

•  3 

176,6 

119,1 

54 

127,7 

86,1 

•4 

•77,4 

119-7 

5< 

128,5 

86,7 

•5 

178,2 

120,2 

56 

•29,3 

87,2 

l6 

I79>i 

120, 8| 

5l 

2 

87,8  j 

•7 

•79,9 

121.3! 

5S 

131,0 

38,4 

18 

•Sc, 7 

121,9 

59 

131,8 

88,9 

•9 

iSi,6 

122,5 

6c 

132.6 

89, 51 

20 

182,4 

123,0 

161 

133,5 

9°,ol 

221 

183,2 

123,6 

62 

•34  3 

90,6 

22 

'84,0 

124,1 

fi3 

•35,i 

9i,i 

23 

•?49 

124,7 

64 

136,0 

9D7 

24 

•85,7 

'-5,3 

65 

136,8 

92,3 

25 

xS«,5 

125,8 

6b 

•  37,6 

92,  Sj 

26 

•87,4 

126,4 

6? 

138,4 

93,4 

27 

•88,2 

126,9 

63 

'39>3 

93>9| 

2? 

1S9.0! 

,27>5 

69 

140,1 

94-5 

2Q 

•89,8 

128,1 

70, 

140,9 

95- 1 

30 

190,7 

128,6 

•71; 

141,8 

95-6j 

£3I 

19D5 

129,2 

72. 

142,6 

96,21 

32 

192,3  j 

'29,7 

731 

•43,4 

96,7 

33 

•93-2. 

•SO  3 

74 

144,2 

97,3: 

34 

194,0^ 

130,9 

75 

'45>' 

9", 9 

3  5 

194,8! 

131,4 

7  | 

•45,9 

9s, 4| 

36 

195,6: 

1 

~l\ 

146,7 

99P 

37 

i96,5, 

•32,5 

78 

147,6 

99, 5j 

38 

i97o! 

133, 1 

79 

148,4 

100,1 

39 

•98,1 

133,6 

3o 

149  2 

100,7  * 

40 

199,0) 

134,2 

Diiti 

Dcp. 

Lac.  ! 

D.ft 

Dcp.  j 

Lat. 

I  Dill  I  Lat. 


241 

42 

43 

44 


_ lUcp. 

•99)81134)8 
200,61 135,3 
201,4,135.9 
..202,3  136,4 
45l*°3.»  137.° 

46,203,9  1 37,6 
47(204,8  13S, 1 
48:205,6(138,7 
49  j  206,4 1 339,2 

50(207.3  j  139,8 
251  208,1 
52  (208,9 


53  (100,7 

54  210,6 

55  2,I>4 

56  212,2 
57(213,1 
581213,9 

59  214,7 

6o!2I  5,5  145.4 


140,4 

140,9 

J4T>5 

142,0 

142,6 

•43,i 

•43,7 

•4-1,3 

144,8 


2611216,4(146,0 
62(217,2(146,5 
6  3  j  2 1  S,c !  147,3 
641218, 9j  147,6 
65(219,7  148,2 
66  (220, 5  148, 7 

67,22 1,3  (149,3 
6S  222,2 1 149,9 
69(223, 0(150,4 
70(223,8  151,0 

(27«  224, 71 151,5 

72' 225,5*  152,  i 

73  226»3j  ’52,7 

74(227,1(153,2 

75  228,0  153,8 

76  228,8  154,3 

77  220  6  154,9 
78,230,5  155,5 
79(231, 3j  156,0 
80(232,1  156,6 


281  232,9  »57,» 
82  233,8  157,7 

83(234,6;  158,3 
84  235.4  '5s, S 
85:236,3  159,4 
86  237,1  159,9 
87237. 9(160,5 
SS(  238,8 1 1 61,0 
89  239,6  161,6 
290  240,4  162,2 
291.241,2(161,7 
92 ;  242, 1  (163,3 
93:242,9(163,8 
94l243>7 !  164,4 

95  [  244,6 1165,0 
96:245,4*165,5 
97,246,2  166,1 
98(247,0  1 66,6 
99  247,9  i67,2 
300*248.-  167,8 


Lat. 


for  56  Deg. 


Oi( 

t  Lat 

Dep. 

Dii 

Lat 

Dep 

00, 

00,6 

6 

50  c 

35>c 

oi,6 

01,1 

6: 

50,5 

3  5,6 

02,5 

01,7 

6l 

S'-' 

36,1 

4 

°3’3 

02,3 

64 

52,4 

36,7 

< 

04,1 

02,9 

6 

53,2 

37,3 

6 

l°4>9 

°3>4 

66 

54,1 

37,9 

sjo6,’6 

04,0 

04,6 

67 

68 

54,9 

55,7 

38,4 

39,o 

9 

|°7>4 

05,2 

69 

56,5 

39,6 

IO|05,2 

05,7 

7 0 

57,3 

40, 1 

I 

09,0 

06,3 

7i 

58,1 

4°>  7 

12 

oij,  8 

06,9 

72 

59>° 

41,3 

13 

10, b 

J7-5 

73 

59,8 

4L9 

14 

ii,5 

oS.o 

74 

60,6 

42,4 

r5 

12,3 

08,6 

75 

61,4 

43,o 

16 

i3,i 

09,2 

76 

62,2 

43,6 

r7 

13,9 

09>7 

77 

63,1 

44,2 

18 

14,7 

10,3 

78 

63,9 

44,7 

'9 

15,6 

10,9 

79 

64,7 

45,3 

20 

16.4 

11,5 

80 

65,5 

45,9 

21 

1 7,2 

12,0 

81 

66,3 

46,5 

22 

18,0 

12,6 

82 

67,2 

47,o 

23 

18,8 

13,2 

83 

68,0 

47,6 

24 

19,6 

13,8 

84 

68,8 

48,2 

25 

20;  5 

'4,3 

85 

69,6 

48,7 

26 

2t>3 

14,9 

S6 

70,4 

49,3 

27 

22,1 

15,5 

87 

7i.3 

49,9 

28 

22,9 

i6,x 

88 

72,1 

50,5 

29 

2], 8 

i675 

89 

72,9 

51,0 

30 

2d,6 

17,2 

9° 

73-7 

51,6 

3' 

25,4 

17,8 

9i 

74.5 

52.2 

32 

26,2 

18,4 

92 

75-3 

52,8 

33 

27,0 

18,9 

93 

76,2 

53,3 

34 

27,8 

r9’5 

94 

77,o 

53,9 

35 

28,7 

20,1 

95 

77,8 

54,5 

36 

29,5 

20,6 

96 

78,6 

55,1 

37 

3°, 3 

21,2 

97 

79-4 

55,6 

38 

3i>i 

21,3 

98 

80,3 

56,2 

39 

31,9 

22-4 

99 

81,1 

36,8 

40 

32,8 

22,9 

IOO 

81, 9 

57-4 

41 

33,6 

23,5 

IOI 

82,7 

57,9 

42 

34,4 

24,1 

02 

83,5 

58,5 

43 

35,2 

24,7 

°3 

84,4 

59,i 

44 

36,0 

25,2 

04 

85,2 

59  6 

45 

36,9 

25,8 

°S 

86,0 

60,2 

46 

37,7 

26,4 

06 

86,8 

60.3 

47 

38,5 

27,0 

°7 

87,6 

61,4 

48 

39,3 

2-7>5 

08 

88,5 

61.9 

49 

40,1 

2  ,1 

°9 

89,3 

62,5 

53 

41,0 

28,7 

IO 

go,  1 

63,1 

5i 

41,8 

29,2 

III 

90,9 

63,7 

52 

42,6 

29,8 

12 

91,7 

64.2 

53 

43-4 

3°>4 

1 3 

92,5 

64  8 

54 

44,2 

31,0 

14 

93.4 

65,4 

55 

45-3 

I'.S 

15 

94,2 

66  0 

56 

45-9 

32,1 

l6 

95,0 

66.  c 

57 

46,7 

32,7 

*7 

94,8 

67,1 

58 

47  5 

33  3 

l8 

96,6 

67>7 

59 

48.3 

33,8 

19 

97,5 

68,2 

60 

49-1 

34,4 

20 

08,3 

68,8 

Dirt 

9ep. 

Lit. 

Dirt 

>p. 

La;. 

Dirt 


121 

22 

23 

24 

25 

26 

27 

28 


Lai. 

99,  J 

99»9 

1 00.7 
ic  1 , 6 
102,4 
103,2 
104,0 

104.8 


Dep.  1 1  Dirt 


69.4 
70,0 
7°, 5 
7J,i 
7  D7 
!?■>' 
72,8 

73.4 


42 

43 

44 

45 

46 

47 

48 

49 
5° 


151 

52 

53 

54 

55 

56 

57 
5S 

59 

60 


1 3  2 

82 

33 

84 

35 

86 

8- 

88 


Lat. 


161 

62 

63 

64 

65 

66 

67 

68 
Go 
70 


171 

7a 

73 

74 

75 

76 

77 

78 

79 
JSc 

Dirt 


148,2 

149,1 

149:9 

I5°>7 

151.5 

'52>3 
,53»i 
1  ^4,0 


Dep. 


103,8 

'°4,4 

105,0 

io5>5 
106,  v 
106,7 
107.2 


105,6 

74,o 

8c 

154,^ 

108,4 

ic6,; 

74,6 

9C 

153,6 

10Q,C 

107.3 

75-i 

191 

156,4 

IO9.5 

108,1 

75,7 

92 

'57,2 

1 10,  ] 

108,9 

76,3 

93 

158,1 

no,7 

109,7 

76,8 

94 

158,9 

111,3 

1 10,6 

77,4 

95 

159,7 

11  ',8 

111,4 

78,0 

96 

160,5 

I  12  d 

”2,2 

78,6 

97 

161,3 

1 13,0 

1 1 3,0 

79,i 

58 

162,2 

113,6 

113,8 

79-7 

9S 

163,0 

H4,  I 

114.6 

80,3 

200 

163,8 

"4,7 

"5,5 

80,9 

201 

164  6 

"5-3 

116,3 

81,4 

02 

165,4 

"5,8 

I17.3 

S2,C 

°3 

166,3 

1 16.4 

"7,9 

82,6 

04 

167,1 

U7,0 

118,8 

83,2 

°5 

167,9 

117,6 

119,6 

83,7 

06 

168,7 

1x8.1 

120,4 

84,3! 

07 

169,5 

1 18,7 

121,2 

84>9 

OS 

170,3 

"9,3 

122,0 

85,51 

09 

171,2 

"3>9 

122.8 

86. o| 

10 

172,0 

120,4 

123,7 

86, 6| 

2  I  I 

172,8 

121,0 

124?  5 

87,2 

22 

173,6 

121,6 

125.3 

87,7] 

13 

1744 

122,2 

126,1 

88,3  j 

14 

'75,3 

122,7 

126,9 

88,9 

15 

176,1 

123,3 

127, s 

s9,5 

16 

176,9 

123,9 

1 28,6 

90.0 

17 

•77,7 

"4,4 

129,4 

90,6 

18 

'78,5 

125,0 

130,2 

91,2, 

19 

179,4 

125,6 

131,0 

91,8 

2C 

180.2 

126,2 

I3I,9 

92>3 

22  I 

'81,0 

126,7 

132,7 

92,9 

22 

I  b  J  ,  0 

127,3 

'33,5 

93  5 

z3 

182,6 

127,9 

'34,3 

94,i 

24 

183,5 

128,5 

i35,i 

94,6 

2  s 

i84,3 

129,0 

1 36  0 

95  2 

26 

185,1 

129,6 

136,8 

95,8 

27 

i85,9 

130,2 

137,6 

96,3 

28 

186,7 

130,8 

138,4 

96,9 

2  q 

187,5 

'31,3 

1  30,2 

97,5 

3° 

iS8,4 

131,9 

140,0 

8,1 

231 

189,2 

132,5 

140,9 

98,6 

32 

190,0 

'33,' 

141,7 

99  2 

33 

190,8 

'33,6 

i42,5 

99,8 

34 

191,6 

‘34>2 

'43,3 

1  co, 4 

35 

192,5 

134,8 

144,1 

100,9 

36 

193,3 

135,3 

145,0 

101,5 

37 

194,1 

135,9 

14S»S 

102,1 

38 

'94,9 

136,5 

146,6 

102,7 

39 

195,7 

'37,' 

147,4 

103,2 

40 

196,6 

*37,6 

Dep. 

Lat. 

Dirt 

Dep. 

Lat. 

Dirt 


Lat. 


»97>4 

198,2 


t)ep 


138,2 
138,  S 


I  s  2] 


241 
42 

43  199-01159.4 

44  I99.3|i39.9 
45j2oo,6  140,5 
46,201,3 
471202,7 

48 

49 

5° 


251 

52 

53 

54 

55 

56 

57 
53 
59 
6  c 


203,1 
003,9 
2°4i7 
205.6  143,9 


141.1 

H', 7 

142.2 
142, S 
'43.4 


2G1 

62 

63 

64 


206.4 

207.2 
208,0 
208,8 
209,6 

210.5 

211.3 
212,1 
2)2,9 


'3  3 

214,6 

2'5.4 
.  216,2 

65  217,0 

66  217,8 


144.5 
'45 'i 
’45.7 
146,2 
146,8 

’47.4 

148,0 

148.5 

149 


67  218,7 
219,5 
220,3 
221, 1 


271 

72 

73 

74 

75 

76 

77 
7? 
79 
8° 

281 

82 

33 

84 

35 

8b 

87 

88 

89 

j?° 

291 

92 

93 

94 


98 

99 
300 

Dirt 


221,9 

222,8 

223,6 


149.7 

'5°.  3 

150.8 

*5M 

152,0 

152,6 

153-1 

'53.7 

154.3 

1 54.3 


224.4  157.1 

125,2  '57, 


226,0  158,3 

158.5 

•59.4 
160,0 

160.6 


,6,9 
227,7 
228,5 

229,3 


230.1 
23I,° 
23i,3 

232.6 

33.4 

234.2 
235,0 

235  9 

236.7 

37.5 


-4°>3 

239.1 
240,0 

.  240,8 

95  241,6 

96  242>4 

97  243,2 

244.1 

244>9 


155,4 

156,0 

156,6 


161.2 
161,7 

162.3 
162,9 

163.4 
164,0 

164.6 

165.2 

165.7 

166.3 


245,7 

Dep. 


166.5 

167.5 
168, c 

165.6 

69,2 

169.8 
170, j 

170.9 
"71,5 
172.  1 


Lai 


for  55  Deg. 


Difference  of  Latitude  and  Departure  for  36  Deg. 


0  it 

l*  it. 

uep.l 

!J:1i 

Lac. 

Ue?-j 

Ullt 

|Lat. 

*  I 

Oift 

Lat. 

Dep.  | 

|  Out  j  Lat. 

De  >. 

1 

oo,3 

03,6! 

61 

49.3 

35-9 

12  1 

97  9 

7».»  1 

l8  I 

146,4 

100,4 

241 

!'95,o 

'4»,7 

2 

01,6 

OI  2J 

62 

50,2 

3«>, 4| 

22 

98,7 

7'.7 

82 

247,2 

107,0 

42  195,8 

142,2 

3 

C2  4 

01, s 

63 

5*.° 

j7»ci 

23 

99-5 

72,3 

83 

1 148,0 

107,6 

431196,6 

142,8 

4 

C3,2 

02,4] 

64 

51,8 

37,6 

24 

ICO  3 

72,9! 

84 

148,3 

108,1 

44 

!  197,4 

1434 

5 

04.0,02,9; 

6? 

52,6 

38,2! 

25 

101, 1 

73  5 

85 

J  2 45»7 

io3,7 

45  198,2 

144.0 

6 

°4.9 

°3,5 

6b 

53>4 

38, 3| 

26 

101,9 

74>i 

86 

'50,5 

109,3 

46  199,0 

144,6 

7 

c?,7 

04,  i 1 

67 

54-2 

3S>4, 

2Z 

102,7 

74,7 

87 

M52.3 

109,9 

1  47 

1159,8 

145-2 

s 

06,5 

°4>7 : 

60 

55,0 

4o,o, 

28 

105,6 

75>2 

£8 

;  25-2 

110,5 

O 

4* 

200, C 

145.3 

9 

07,3 

°5'3| 

63 

5  5-8 

40,6; 

29 

104,4 

75,8 

89 

*52,9 

in,. 

49  201,4 

146,4 

IC 

oS,  1 

°5  91 

70 

56  6 

4-2,2  ( 

30 

105,1 

76,4 

90 

1*53,7 

1  1  1.7 

5C 

202,2 

146,9 

1 1 

08,9 

06,5 

7> 

57,4 

4*, 7 ; 

1  J3  I 

106,0 

77> 0 

191 

!  ’545 

1 12,3 

25‘ 

203,1 

>47,5 

12 

09,’ 

07,1 

72 

58,2 

42,3 

1  y- 

106,8 

77,6 

92 

1  *  55»3 

112,9 

521203,9 

148,1 

*3 

ic,5 

07,6 

73 

59,1 

42.9,  33 

107,6 

78,2 

93 

156,1 

113:4 

53 

2C4-7 

148,7 

11  3 

oS,2 

74  59>S  14-3-5 ! 

34 

108,4 

78,8 

94 

256  9 

114,0 

54  205,5 

'49,3 

12,1 

b8,S 

75 

b°,; 

44> 1 

35 

109,2 

79,4 

95 

>57,8 

114,6 

S5 

206,3 

’49,9 

l6 

12,5 

09,4! 

7fc 

61,5 

44,7  j 

36 

I  10,0 

79-9, 

56 

158,6 

115, 2j 

56 

!  207,1 

‘5°, 5 

I? 

13,8 

10,0* 

77 

62,3 

45,3 

37 

110,3 

80,5. 

97 

159,4 

115,8 

57  2.07-9 

151,1 

jS 

14,6  10,6 

78 

63,1 

45,8 

38 

1 1 1,6 

8l,I  1 

98 

160  2 

116,4 

5? 

jic8,7 

1 5  *»7 

J9 

4  5*4 

I  1,2 

79 

63,9 

46>4 

39 

112,5 

81,7! 

93 

16 1,0 

"7,o! 

59 

209,5 

1 52>2 

2C 

16,2 

11, s 

83 

64.7 

47,o 

4° ! 1 1 3  3 

82,3 ! 

2  00 

161,8 

117,6 

60 

210,3 

.52,8 

21 

1  ;.o 

12.-,; 

i  81 

6?, 5 

47,6 

141 

114,1 

82,9! 

201 

162,6 

*18,1  j 

26l 

2",1 

253,4 

22 

'7,8 

,s»5j 

Zz 

60.3 

28,2! 

42 

2:4,9 

f  3,5  j 

02 

163,4 

m3, 7 

62 

212,0 

>54,0 

23 

1 8,6 

>3>5 

®3 

4v8, 

43 

22  5-7 

34,1! 

03 

164,7- 

1 :9>3 

63 

212,8 

154,6 

7  4 

1 9,4 

14, 1 

84 

b'SyC 

49,4! 

44 

116,5 

84,6 

04 

165,0 

"9,9 

64 

253,6 

>55.2 

2.' 

20,2 

•4  71 

33 

68.  i 

50,0 

45 

2:7,3 

®S-*I 

c5 

165,8 

210,5 

6 ; 

214:4 

i5',8 

26 

21, C 

,5’3 

8„ 

6, .6 

50,6- 

46 

US: 

05,8; 

06 

266,7 

121,1 

66,215,2 

156,4 

27 

21,8 

*5>9 

87 

70:4 

5’,'; 

47 

118,9 

86,4 ! 

°7 

*67,5 

121,7 

67I216 0 

156,9 

28 

22,7 

10.51 

8b 

71,2 

52,7  | 

i  48 

2  29>7 

8-, 01 

oS 

*68,3 

122,3 

68 

2l6,8 

'57,5 

29 

23,5 

'7,o| 

Sg 

72,0 

52>3 

49 

120,5 

87, 6| 

OO 

169,1 

122,8 

69  217,6 

158,1 

3° 

2;.  3 

■7,6 

CO 

72,8 

52.9 

5° 

121,3 

88,2- 

10 

*69>9 

'23,4 

7c!  2 18,4 

’58,7 

3 ! 

“)>  1 

•M 

91 

73.6153,5 

25> 

122*2 

83,8  j 

21  i 

*7=>7 

124,0 

271 

1 2  1 9,2 

’5*9,3 

JZ 

25,9 

18,8 

97 

74,4 

54,2 1 

52^ 

223,0 

*9-3 

12 

1 7  5 

114,6 

72 

220,0 

■59.9 

33 

26,7 

*9>4 

93 

7 

54-7 

53 

123  8 

89,9! 

23 

172-3 

125,2 

73 

1 220.9 

1 6c,? 

34 

27,5 

20,0 

94 

76,0 

55-3 

54 

124  6 

5°,  5  j 

14 

1-3.1 

125,8 

74  221,7 

1 6 1 , 1 

35 

28,3 

20,6 

95 

76,9 

55-8 

55 

225:4 

92,1 1 

15 

*73-9 

126,4 

75 

,222,5 

i6i,6 

26 

29,1 

21,2 

96 

77,7 

5c>4j 

5f> 

126,2 

92,7 

l6 

'74>7 

127,0 

76 

j  223-3 

162,2 

37 

29,9 

21,7 

97 

78,5 

57-c 

57 

127,0 

92,1! 

17 

175-6 

127.6 

77 

224,-1 

162,8 

3S 

3°, 7 

22.3 

98 

79-3 

57,6 

5' 

127,8 

92,9 

.3 

176,4 

128,1 

78  224-9 

,63,4 

39 
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57;2oi,5 
5S2C3.3 
59 1 204, 1 
60  204, 9 


158,2 

.58,9 

*59-5 
160. 1 


°5  j  161,5 


i6,2 

o6|  162,3 !  *26,3! 
07 !  163,. :  127,4' 
oSj  163.9  I  *28, r| 

Ofi  .  164,7  128,7 


1  l6 


,5  I-9-3 


261  j  205,6 1 1 6c, 
62:206,4  1 61 

63  207,2 

64  !zo8,c 
65|2o8,8 
66  209,6)  .63,8 
67)210,4: 164,4 
68‘2  J !  165,0 
691211,91.65.6 
70  212,7  .66,2 


-  *J 
161,9 

162,5 

163,2 


11  166,2  129,9:  ,71  213.5  11-6,9 

12  .67,0  130,5" 


167,8  131,1  j 
14)  .68,6*  131,8 

*5j  *69>4jI32,-; 
*‘,l  *70,2  133,0 
*7*.o  *33.61 
i  *7*. 3  134.2 

|  *72,5  134, 8[ 

i  *73»3  *35.5 


7212.4,31.67,5 

73  215,1  .68,. 

74  2*5,9  168,7 
7  5  216.7J  1 69,3 

169,9 

1-0  5 
*71 
171,8 
*72,4 


761 


,'2*7.5 
77  218,2 
78:219.0 

79  j  - 1 9,8 

80:220,6 


*74.9  j*36, 7 
>75,7  *37,3  I 
*76,5  *37.9[! 
*77,3 1 1 38,5]  j 
*78,1)139,1 


[281  221,4(173,0 


1 !  *73, 


82  |222,2 

83)223,0(174,2 
S4  2.23,8  j  .74,9 
S : )  224,5  j  *75, 5 


27;  178,9  *  39.^ 
28!  179,6)140,4 
o,4|  141,0 
J, 2114. ,6 


86:225,31.76,1 
87(226,11.76,7 
SS|226,9  177,3 
89  227,7  177, c 
90:228,5; :73  6 


•  82,8  142,8(1  92)230,.  i  179,8 


183.6 
3 4 1  *8-r, 

185 
185  9 

186.7 

187,? 

188,3 
.89,. 


*43,51: 
*44,  *  |! 


93  230,9(180,4 
94.‘23*»6|i8i,o 


Dep. 


*4$>7|  1  95  252,4 
145,3)  96,233,2 
*45,9:  ;  97 1 234,0 
*46, 51  98(234,8 


*47: 
*47, 8 


Lat. 


99)235,6 
3  00(236, 4, 

Dift  Dep  j  I,  t. 


i8r,6 

*82,2 

182,9 

*83,5 

.84,1 

*84,7 


for  52  Deg. 


Difference  of  Latitude  and  Departure  for  39  Deg- 


Olft 

Lat. 

Dep. 

Dift 

Lat. 

Dep. 

Dift 

Lat. 

Dp. 

Dilt 

Lat. 

Dep. 

Dift 

Lat. 

Dep. 

1 

00,8 

co,  6 

6l 

47,4 

38,4 

12  1 

94,0 

76,1 

l8l 

Ho,7 

113  9 

241 

'87,3 

151,7 

2 

01,6 

01,3 

62 

48,2 

39.° 

22 

94,8 

76,8 

82 

I4L4 

"4>5 

42 

188,1 

'52,3 

3 

02,3 

01,9 

63 

49,0 

39,6 

23 

95-6 

77,4 

83 

142,2 

1 15,2 

43 

188,8 

1 5a9 

4 

03,1 

02,5 

64 

49,7 

40,3 

24 

96,4 

78,0 

84 

143,0 

1 15,8 

44 

189,6 

•53,6 

5 

03.9 

03, 1 

65 

50,5 

40,9 

25 

97,i 

78,7 

85 

143,8 

116,4 

45 

190,4 

'54,o 

6 

°4>7 

03,8 

66 

51,3 

41,5 

26 

97,9 

79,3 

86 

!44,5 

117,1 

46 

191,2 

154,8 

7 

05.4 

04,4 

67 

52,1 

42,2 

*7 

98,7 

79,9 

87 

>45,3 

"7,7 

47 

191,9 

'55>4 

g 

06,2 

05,0 

68 

52,8 

42,8 

28 

99,5 

80,6 

88 

146,1 

"8,3 

48 

192,7 

156,1 

9 

07,0 

05,7 

69 

53,6 

43-4 

29 

I  CO. 2 

81,2 

89 

146,9 

1 18,9 

49 

'93,5 

156,7 

10 

07,8 

06,3 

70 

54,4 

44  1 

3° 

101,0 

81,8 

90 

147,6 

"9,6 

5° 

!94,3 

'57-3 

11 

08,5 

06,9 

71 

55, 2 

44,7 

13, 

101,8 

82,4 

19 1 

148,4 

120,2 

251 

i95,i 

158,0 

12 

°9>3 

07,6 

72 

56,0 

45.3 

32 

102,6 

83,1 

92 

f49,2 

120.8 

S2 

'95.8 

158,6 

13 

10,1 

08,2 

73 

56,7 

45  9 

33 

103,4 

83.7 

93 

150,0 

121,5 

53 

iq6,6 

159,2 

14 

10,9 

08,8 

74 

57,5 

46,6 

34 

104,1 

84.3 

94 

150,8 

12  2,1 

54 

197.4 

159,8 

*5 

"»7 

09,4 

75 

58,3 

47,2 

35 

104,9 

85,0 

95 

I5i,5 

122,7 

55 

198,2 

160,5 

l6 

12,4 

10,1 

76 

59,1 

47,8 

36 

I05>7 

85  6 

96 

152,3 

"3,3 

56 

198,9 

161, 1 

17 

13,2 

10,7 

77 

59,8 

48-5 

37 

106,5 

86,2 

97 

153, 1 

I24O 

57 

199,7 

161,7 

iS 

I4.O 

ix>3l 

78 

60,6 

49,i 

38 

107,2 

86,8 

98 

153,9 

124,6 

58 

200^ 

162.A 

>9 

14,8 

12,  o| 

79 

6;  ,4 

49,7 

39 

108,0 

87,5 

99 

154,6 

125,2 

59 

201,3 

163,0 

20 

'S' 5 

12,6 

So 

62.2 

50  3 

40 

108  8 

88  1 

200 

15  5.4 

12  5, q 

60 

202,0 

165/, 

21 

16,3 

13,2 

81 

62,9 

51,0 

>4' 

109,0 

88,7 

201 

156,2 

126,3 

26l 

202,8 

164,2 

22 

I7»i 

13,8 

82 

63,7 

51,6 

42 

112,3 

89,4 

02 

157.0 

127,1 

62 

203,6 

164,9 

s3 

17,9 

-'4,5 

64  5 

52,2 

43 

IIT,I 

90,0 

03 

157.8 

127,7 

63 

204,4 

165,5 

24 

18,7 

15,1 

84 

65,3 

52>9 

44 

m,9 

90,6 

04 

158,5 

128,4 

64 

205,2 

166,1 

25 

r9>4 

'5’7 

85 

66, 1 

5  3  ■  5 

45 

112,7 

91,2 

Oi 

159,3 

<29,0 

65 

205,9 

1 66,8 

26 

20,2 

16,4 

86 

66,8 

54, 1 

46 

1I3>5 

9L9 

06 

160,1 

129,6 

66 

206,7 

167,4 

^7 

2  T,0 

17,0 

87 

67,6 

54,7 

47 

1 14,2 

92,5 

07 

160,9 

130,3 

67 

207,5 

168,0 

28 

21,8 

17,6 

88 

68,4 

55,4 

48 

i 1  S»o 

93,i 

08 

i6i,6 

130,9 

68 

208,3 

168,7 

29 

22,5 

18.2 

89 

69,2 

56,0 

49 

115,3 

93,8 

09 

162,4 

I,  q 

69 

209,0 

'69,3 

3° 

23.3 

18,9 

Q0 

69,9 

56,6 

50 

1 16,6 

94,4 

ro 

163,2 

132,2 

70 

209,8 

169,9 

3! 

24,1 

19>  5 

9i 

7°,7 

57,3 

J5i 

"7>3 

95,0 

21 1 

164,0 

132,8 

271 

210,6 

>70,5 

32 

24.9 

20,1 

92 

7i,5 

57,9 

52 

1  x8,i 

95  7 

12 

164,7 

'33,4 

72 

211,4 

171,2 

33 

25,6 

20,8 

93 

72>3 

58,5 

53 

118  9 

96,3 

13 

16s, 5 

134,0 

73 

212,1 

171,8 

34 

26,4 

21,4 

94 

73,° 

59J2, 

54 

H9,7 

96,9 

14 

166,3 

'34,7 

74 

212,9 

172,4 

35 

27,2 

22,0 

95173.® 

59,8 

55 

120,5 

97-5 

15 

167,1 

r35>3 

75 

213,7 

173,1 

36 

28,0 

22,7 

96  74,6 

60,4 

56 

121,2 

98,2 

1 6 

167,9 

'35.9 

76 

214,5 

173,7 

37 

23, X  23,3 

97I75.4 

6i,o 

57 

122,0 

98,8 

17 

168,6 

■36,6 

77 

215,3 

1 74, 3 

38 

29>5|23>9 

,  98  76,2 

61,7 

5s 

122,3 

99,4 

18 

169,4 

137.2 

78 

216,0 

174,0 

39 

3°’3 

24>5 

99 

7O.O 

62,3 

59 

123,6 

TOO,  1 

19 

170,2 

13", 8 

79 

216,8 

j75>6 

40 

31,1 

25,7 

IOO 

77-7 

02,9 

60 

124,3 

100,7 

20 

171,0 

138,4 

8c 

2.17,6 

176,2 

4» 

3>,9 

23,8 

IOI 

78,5 

63,6 

l6l 

125,1 

101,3 

221 

i7D7 

■39,1 

28 1 

2  I  8,4 

176,8 

42 

32,(3(26,4 

02 

79,3 

64,2 

62 

i25,9 

101,9 

32 

172,5 

■39.7 

82 

219,1 

177,5 

43 

3.3.4 

27, 1 

03 

80,0 

,64,8 

63 

126,7 

102,6 

23 

173,3 

140,5 

83 

219,9 

178,1 

44 

34>2 

17,7 

04 

80,8 

65,4 

64 

127,4 

103,2 

24 

174D 

141,0 

84 

220,7 

'78,7 

45 

35,° 

28,3 

05 

81,6 

66, , 

65 

128,2 

103,8 

25 

174,8 

141,6 

85 

221,5 

179)4 

46 

35>7 

28,9 

06 

82,4 

66,7 

66 

129,0 

104,5 

26 

175,6 

142,2 

86 

222  3 

180,0 

47 

36,5 

29,6 

07 

83,1 

67,3 

67 

129,8 

105,1 

27 

176,4 

142,9 

87 

223,0 

180,6 

48 

37-3 

30,21 

08 

83,9 

68,0 

68 

130,6 

105,7 

28 

177,2 

'43, 5 

88 

22^,8 

181,2 

49 

38,1 

30,8 

09:84,7 

68, 

69 

131,3 

106,4 

29 

178,0 

144,1 

89 

224,6 

181,9 

50 

38,9 

3i,5 

10 

85  5 

69,2 

70 

I  72,1 

107,0 

30 

178,7 

'42.7 

90 

225,4 

182,5- 

51 

39,6 

3*,i 

III 

86,3 

69,9 

17, 

132,9 

107,6 

23I 

179,5 

i45>4 

2Q  I 

226,1 

183,1 

5' 

4o,4 

32,7 

12 

87,0 

7°>5 

72 

133,7 

108,2 

32 

180,3 

146,0 

92 

226,9 

183,8 

53 

41.2 

33>4 

*3 

87,8 

71,1 

73 

t54>4 

108.9 

33 

1 8 1 ,  T 

146,6 

93 

227,7 

184,4 

54 

42,0 

34,o 

T4 

88,6 

71,7 

74 

135,2 

,09>5 

34 

181,8 

47,3 

94 

228,5 

185,0 

55 

42,7 

34>6 

*5 

89,4 

72,4 

75 

136,0 

J  10,1 

35 

iS2,6 

147,9 

95 

220,2 

185,6 

56 

43.5 

35, 2 

,6190,1 

73'° 

76 

136,8 

1  jo, 8 

36 

183.4 

148,5 

96 

230,0 

18ft, 3 

57 

44,3 

35  9 

17 

90,9 

73>6 

77 

137,5 

m,4 

37 

184,2 

149,1 

97 

230,8 

186,9 

58 

4S,i 

36>5 

18 

9i,7 

74  3 

78 

138,3 

112,0 

38 

1S5.0 

149,8 

98 

271.6 

187, 5 

59 

45-8 

37,i 

19 

92,5 

74,9 

79 

i39,i 

1 12,6 

39 

1  -5,7 

1 5°, 4 

99 

232  4 

188,2 

OOi4b,(5 

37-8 

20 

93-3 

75-5 

80 

139,0 

I  I  ?  1  ^ 

40 

186,  5 

51, c 

300 

233.1 

1 88, 8 

Oilt.Dcp. 

Lar. 

D  it  j  Dep. 

Lat. 

IDift 

Dep. 

Lat. 

Dift 

^p. 

Lat. 

Dift 

Dep. 

Lh  t . 

for  5  I  Deg. 


Difference  of  Latitude  and  Departure  for  40  Deg. 


TJift  Lat, 


Dep. 


00,8 
oi,j 
oa,  3 

03,1 

03,8 


00,6 

01,3 

01,9 

02,6 

03,2 


04,6  03,9 
05,4  04,5 
06,1105,1 
9  06,9105,8 
10  Q7,7jo6»4 
08, 4*07 
°9»2j°7>7 
10,0  08,4 
*0,7(09. 
11,5  09  6 
12  ~~ 


11 

12 
*3 
U 
*5 
16 

*7 

18 


iJO>- 
*  3,0  [  *°,9 
3,8 1  r 1," 


JO 

19  14,6  12,2 

20  rso  !±9 
16,1(13,5 

16.9  m,i 
17, 6i  14,8 

18.4  15,4 

19,2)16,1 

19.9  *6,7 
20,7  *7,4 

21.4  <8, ° 

22,2  j 1 8,6 
23»Qi  19>3 


21 

22 

*3 

24 

25 

26 

*7 

28 

29 

30 


32 

33 

34 


3*  23,71*9,9 
■4,5  r°>6 

25,3  Ur, 2 

„  26,0  *1,9 

35  26,8(22,5 

36  27,6.23,* 

37  28,3  23,8 
;8  29,1124,4 

29,9j25»I 

30,6125,7 

31, 4.26, 4 

33>7jz°>3 

34.5  !28, 9 
35,2)29,6 

36,0:30, 2 
36,8(30, 8 

37.5  3*> 5 

:  8,  -3 : 3  —  ■ 1 

139. 1  32, 8 
!  39,8  !33,4 
!  40,61  34,  * 
4*, 4  34,7 
42,1 ;  35,3 
42,9 : 36’° 
43>7|36>6 
44>4;  37,3 
45’2 ;  37,9 
46, 01  38,6 

Dt?i  Lat. 


Dift  Lat. 

61 146,7 

62  47,5 

6348,3 

6449,0 

65  49,8 

66  50,6 

67  5*,3 


Dep. 


39. 2  ( 
399 
4°  5 
4*,i  | 
41,81 
4-,4t 

.  43.* 

68  52,’  143,7 
69152,9  44,4 

7o{  53,6j45,0l 

71 : 54,4(45,6 
46,3; 
46,9 
47,6 

45.2 
48,9! 

49,5 
50,1 
50,8: 

51,4: 


72;55>2 
73155,9 
741 5^,7 


75 

76 

77 

78 

79 


,57,4 
'53, 2 
59,o 

5  9',  7 
60,5 


8c  61,3 

81  62,0 

82  62,8 

83  163,6 
84(64,3 

85  *65, 1 

86  65,9 

87  (66,6 

88(67.4 

89 1 68.2 
90,68,9 
91(69,7 

92  70,5 

93  7*, 2 
94(72,0 

95  1 72,3 

96  73-5 

97 174.3 


Did 

121 

22 

23 

24 

25 

26 

27 
281 
29 


Lat. 

Dep.  j 

(Did 

Lat.  |  Dep. 

Dim  Lat. 

Dep. 

92»7 

77, 8j 

j  1 S  i 

138,6(116,4 

'241(184,6 

■  54>9 

93,4 

78,4| 

1  82 

*39,4  117,0 

42  *8s,- 

1  55,6 

94,2 

79.  *! 

8  3 

140,2(117,6 

!  43  1  £  6,  i 

*56,2 

95.° 

79,7 

S4 

140,9  nS, 3 

44(186,9 

156,9 

95,7 

80,4! 

85 

141,7  118  9 

451*87, 

•’57,5 

96,5 

8i  0 

86 

142,5. 1 19,6 

46  ( 188  4 

1  58,1 

97,3 

-8.,6 

87 

J  43  2]  120,2 

:  47(189  2 

.588 

9^,0 

82»3 

83 

144,0  120,9 

.  48  190,0 

‘59>4 

98,8 

82,91 

89 

144,8  121,5 

49(  *9°, 7 

1 60,  i 

90,6 

83.6 

9o|  14c,  51*22, 1 

5°  '9i,5 

160,7 

100,3 

84,2! 

/91 

146,3!  122,8 

'251  192,3 

161,4 

101,1 

84,9! 

92 

*47,  *1*23,4 

.  52  *93,o 

162,0 

101,9 

85,5 

93 

147,8  124,1 

53  *93, 8| '62,6 

102,6 

86, 1 

9J 

148,6.124,7 

I  541*94,6 

*63.3 

131'] 

32| 

33 
34| 

35l  I03,4 
36!  104,2  ... 

37i  104,9.  88,1 
38 ( 105,7 j  88,7 
39 1 106,5!  89,4 
40  107,2!  90,0 


87-4 


52,H 
52,7i 
53,41 
54,o ' 
54,6 1 
55,3. 

55.9 
56,6 

57,2 

57.9 


58,5! 

59,* 
5S>8! 
60,4 
61,1 ' 

6i-7 

62,41 

67,0 


98 

'  .8:63,6 


141  1 08,0 ;  90,6 
421io?, 8'  9*, 3 
43 1 109>5 i  9*,9 
4^1  **0,3!  92,6 
45.111,1!  93,2 

46  j  *  1 1, 81  93,9 

47 i 112,6;  94,5 

48!i*3>4;  95>' 
49:114,1;  95,8 
501  *  *4,9  9^-4 


95  159,4  125.4 
961  150, 1  126,0! 
97 !  '50,9 ! *26,6! 
98(151,7  127,3} 

99  (*52,4  .'27,9! 
200' 153,2 !  128,6 


55(195,3  165,9 
56,196,1  164,6 
57(196,9  16;, 2 
5s j  *97.6  *65,9 
59 1*98, 41 1 66, 5 
60  *59.2  1 167,1 


*5* 


1  *5>7 


52  116,4 

53  rl7,2 

54  118, c 

55  ii8'7 

56  1 29»5 , 

57 !  120,3  *°o,9 
58^  121,  o[  *01,6 
99(75,8(65,6'  591121,8  102,2 

ICo!76,6j64,3  60  *22,6  *02,8 


97.* 

97.7 

98,4 

99,0 

99,6 

100,3 


201 ' 154,0  129  2  261  195,9  j  167,8 
02 !  ,54>7(I19,9'  62  200,7!  * 

03  ]  *  5 4,5  1 3C*5 '  J  63  |2oi,4 


04  *56,3  }*3* 

05  157,0,1*31,8 
06(157,8,132,4 
°7 1  *58>6j  r33,* , 
08 j  *59,3  r33>7| 
09(160,1  134,4; 
10  j  160,91*35,0; 


64)202,2 

65  203,0 

66  203,7 
67(204,5 
6S  205.3 
69  206,0 
70.206,8 


2 1 1  ( 161, 6  135,6 
121 162,41136,3 
*3  l6i,Z|I36,9  . 
*4| 1 63 .9  *37,6  ( 
25:1 64, 7  *38,2  | 
*  6| 1 65,4  1 38,8 , ; 


168  4 
169,1 
169,7 

170,4 

1710 

171,6 

*72,3 

*72,9 

*73, 6 


*7 

18 

*9 

20 


166.2(139,3 
167,0  140,1 1 ' 
167,7  i  i+o,s; : 

168, c  141,4  ; 


.71  20", 6  174, 2 
72,208,31 174,8 

*75,5 

176,1 
*  76,8 

*77:4 
*78,1 


731209, 

74  209,9 

75  210,6 

76t2ii,4 

77:212,2 

78,212,9 

79i2*3’7 
80  214  5 


:79>3 

180,0 


101 .77,4 

64,9' 

161  *23,3  *°3>5 

(  21  I  | 

02(78,1 

65,6 

621124,1  104,1 

22| 

03  78,9 

66,2 

63  124,9  104,8 

1  23 1 

04  79>7 

66,8 1 

64  125,6  105,4 

24 

05  80,4 

67,7 

65  126,4  ,c6>* 

25 

06(81,2 

68,i 

66;  127,2!  106,7 

26 

07.82,0 

6S,S| 

671*27,9,107,3 

27 

08(82,7 

69,4 

68  128,7:108,0 

28 

09,83,5 

70,1  - 

69  129,41108,6! 

29 

*0(84,3 

70,7 1 

70.130,2  109,5! 

30 

111.85,0 

7*,3 

■7*  *3*,o( *09,0  1 

O  1  J  i 

12(85,8 

72,0! 

72(131,7  *!C,Sj 

1  32 

1 7 1 86,6 

72,6 

73, 132,5, m,! 

33 

14  ^7>3 

73,3 

74  *33,3  1 1  :-9 

34.I 

1588,1 

73,9 

75,134,0  1 12,5 1 

35I 

16188,9 

74,6, 

76  134,8  113,1  j 

3£i 

1-7  j  89 ,6 

75,2 

77,135.6  :*3,8! 

3?i 

18)90,4 

75,9' 

78  136,5  1144 

3? 

19  91,2 

76.5 

79  *37,»|**5'Ii 

39 

2ol9r,9 

77,  * 

80  137,9,115,7 

40 

D  ft  Dep. 

Lat. ' 

Dift  Dep.  Lat.  1 

Dift 

169,3  142,1  (*281  215  ij  180,6 
170,0:142,7!  82(216,0  .81,3 

*70,8(143,3!!  83(216,8  181,9 
171,6144,01]  84  -  17,5 j  182,6 

*7*, 3  x44.6u  85  2*8,3  ‘83>2 
173, 1  ( 14-5,3  86(2191  183,9 

*73, 9(  I45’9  8-  219,8  184.5 

174.6  146,6'  |  88  220  c  185,1 

_ _  I  T  j  -  „  T  .  x 


*75>4|I47,2, 
1 76,2  j  147,9 ! 


89I221 ,4  j  1 85, 
90  222  !  186 


176.pl  *48,5 

(251 

222,9 

i-;,i 

*7", 7 

149,1 

!  92 

223  >7 

.S7. 7 

178,5 

149,8 

93 

224.4 

188,4 

*79-2 

150,4 

1  94 

22  5,2 

189,0 

i8c.o 

151,1 

,  95 

226,0 

189,6 

.80,8 

*5*, 7j 

56 

226,7 

tJO’S 

,S,,5 

*52’4l 

97 

227,5 

190,9 

182,3 

1 53— ; 

5S 

228,3 

191,6 

183,1 

1 • 

1  99 

220,0 

*92,2 

*83,8 

*54,3 

|3CO 

229,8 

*92,9 

Deo. 

Lat. 

Dift 

Dep. 

L*t. 

t/Vr  rr\ 


Difference  of  Latitude  and  Departure  for  41  Deg. 

>p.  Dirt  Lat.  Dep.  D,ft  Lat.  IW  D.ft  Lat.  i  Den  nTpTT 


Lit. 

Dep. 

Dirt 

Lat. 

Dep. 

I 

00,8 

00,7 

61 

46,0' 

40,0 

2101,5 

01,3 

62 

46,8 

4°,  7 

3 

02,3 

02,0 

63 

47*5 

4L3 

4 

03,0 

02,6 

64 

43,3 

42,0 

5 

03,8 

°3,3 

65 

49,’ 

42,6 

6 

°4>5  °3>9 

66 

49.3 

43,3 

7 

°5'3 

04,6 

67 

50,6 

44,° 

8 

00,0  05,2 

68 

5L3 

44,6 

9 

06,8 

°5'9 

69 

52,1 

45,3 

10 

°7>5 

06.  C' 

70 

^2,8 

45>9 

1 1 

08,3 

07,2 

71 

58,6 

46,6  1 

12 

09,1 

07  9 

72 

J4> 3 

47,2 

13 

09,8 

08,5 

73 

55-1 

47,9 

14 

10,6 

O9,?. 

74 

55,3 

48,5 

15 

n>3 

09,8 

75 

56,6 

49,2 

l6 

12, 1 

10,5 

76 

57,4 

49,9 

17 

12,8 

11,2 

77 

58,1 

5°, 5 

18 

13,6 

1 1,8 

73 

58,0 

51,2 

*9 

14,3 

12,5 

79 

59>6 

51,8 

20 

15D 

13.1 

80 

60,4 

52,5 

21 

15,3 

13,8 

81 

6l,I 

53,i  , 

22 

16,6 

H,4 

82 

61,9 

53,8 

2  3 

17,4 

15,’ 

33 

62,6 

54.4 

24 

1 8, 1 

15,7 

84 

63,4 

55>i 

25 

18,9 

16,4 

S5 

64,2 

55-3 

26 

19,6 

17,1 

86 

64,9 

56,4 

27 

20,4 

17,7 

87 

65,7 

57,i 

28 

21,1 

18,4 

88 

66,4 

57,7 

29 

21,9 

19,0 

89 

67,2 

58,4 

30 

22,6 

'9-7 

90 

67,9 

59>° 

31 

23,4 

20,3 

9i 

68,7 

59-7 

32 

24,2 

21,0 

92 

69,4 

60,4 

33 

24,9 

2  1,6 

93 

70,2 

61,0 

34 

25,7 

22,3 

94 

70,9 

61,7 

35 

26,4 

23,0 

95 

7i>7 

62,3 

36 

27,2 

23,6 

96 

72,5 

63,0 

37 

27,9 

24,3 

97 

73,2 

63.6 

38 

28,7 

24,9 

98 

74,o 

64,3 

39 

29,4 

2s,  6 

99 

74,7 

64,9 

40 

30.2 

26.2 

I  OO 

75-5 

65,6 

4' 

3°>9 

’6,9 

IOI 

76,2 

66,3 

42 

3i,7 

127,6 

C2 

77,o 

66,6 

43 

32,5 

28,2 

03 

77,7 

67  6 

44 

33.2 

28,9 

04 

78,5 

68, z 

45 

34, 0(29, 5 

°5 

79,2 

68,9 

46 

34>7 

30,2 

06 

80,0 

69,5 

47 

35-5 

30,8 

07 

80,8 

70,2 

48 

3(1,2 

3D5 

08 

81,5 

70,8 

49 

37,° 

32,1 

09 

82,3 

7L5 

5° 

37>7 

32.8 

IO 

83,0 

72,2 

51 

33,5 

,?3>5 

III 

83,8 

72,8 

52 

39>2 

34, 1 

12 

184,5 

73.5 

53 

40,0 

34,3 

13  35,3 

74  1 

54 

40,8 

3^4 

14 

85,o 

74,8 

55 

4L5 

36,1 

15 

86,8 

75,4 

56  42,3 

36,7 

l6 

87,5 

76,1 

57 

43, 0 

37>4 

J7 

88,3 

76,7 

53 

43,3 

38,0 

18 

89,1 

77,4 

59 

44,5 

38'7 

19 

89,S 

78,1 

bo 

45>° 

39,4 

2C 

00,6 

78,? 

D;'i 

'T>p 

!  L^r. 

D.ft 

Dap 

La'. 

98,9 

99.6 

100,4 
101,1 
35]i°j,9 

361 102,6 
371 I03>4 
3?!  104,2 
;9!io4,9 
_4 £  ££5.7 
141  106 
42  107 


99,0 

99.7 
100,4 
101,0 
101,7 
102,3 
102,0 
i°3»6 
120,0  104,3 
120,8  103  o 


Lat.  1  Deo. 

136.6  118,7 

137.4  119,4 

138.1  120,0 

138.9  120,7 

139.6  121,4 

140.4  122,0 

141.1  122,7 

I4I>9  123>3 

142.6  124,0 

143.4  124,6 
H4,2  125,3 

144.9  1254 

145.7  126,t) 

146.4  127,3 

147.2  I27,C, 

147.9  128,6 


121,5  105,6 
106,3 
106  9 
107,6 
108,2 

108.9 

109,5 

110,2 

110.9 

III, 


171  129,1 

72  129,8 

73  130,6 

74  131,3 
7  5 1 132,i 
76]  132,8 
771133.6 

78|i34  3 
79, 135>1  i  H7.4 
80,135,8  118,  i 


*59, 2 
i6o,c 

160.8 

161.5 
162, 

163,0 

163.8 

164.5 

165,3 

166,01 144,3 


i7i,3 

172,1 

172,8 

173,6 


Dep  1  Lir.  '  D  ft 


I5i>5 

152,2 

152,8 


Dep.  I.ar 


Dili 

L:^t. 

Dep. 

241 

181,9 

158,1 

42 

182,6 

158,7 

43 

183,4 

159,4 

44 

184,2 

1  60,0 

45 

184,9 

■  60,7 

46 

185,7 

16  1,4 

47' 

186,4 

1 62,0 

48 

187,2 

162,7 

49 

187,9 

1 6  3, 3 

5° 

188,7 

164,0 

25' 

189,4 

164,6 

52 

IQO.2 

165,3 

53 

190,9 

1  e  6  0 

54 

191,7 

166,6 

55 

192,5 

■67,5 

56 

193.2 

'67,3 

57 

194,0 

i68,t> 

58 

194,7 

169  2 

59' 

195,5 

169,9 

00 

196,2 

170,5 

261 

197,0 

171,2 

62 

197,7 

171,9 

63 

198,5 

1 7s,  5 

64 

199,2 

173,2 

65 

200)0 

173,8 

60 

200  8 

174,5 

67 

201,5 

175, 1 

68 

202,3 

'75-8 

69 

203,0 

176,4 

70 

203,'- 

'77,1 

271 

204,5 

177,8 

72 

205,3 

178,4 

73 

206,0 

179,1 

74 

2c  6, 8 

'79,7 

75 

207,5 

180,4 

76 

208,3 

1 3  j,o 

77 

2C9. 1 

181,7 

78 

200,8 

182,4 

79 

210,6 

183,0 

80 

211,3 

183,7 

28 1 

212,1 

184,3 

82 

212,8 

1S5,0 

S3 

213,6 

18  c,  6 

84 

ii4,3 

186,3 

85 

2i  5,  r 

186,9 

86 

215,8 

187,6 

87 

216,6 

188,5 

88 

217,4 

i88jQ 

89 

218,1 

189,1 

29.O 

218,9 

190,3 

29I 

219,6 

190,9 

92 

220  4 

191,5 

93 

22T,I 

192,2 

94 

22  1,9 

192,8 

95 

222  6 

"93  5 

96 

223^ 

194,2 

97 

224,2 

194,8 

93 

224,9 

'95,5 

95 

225,7 

196,1 

t  30c 

226 .1 

.  196  8 

Dil 

Den 

i  Lai. 

fp'  49  Dee. 

Difference  of  Latitude  and  Departure  for  42  Deg. 


Dift 

L^r. 

Dep. 

Diit 

Lat. 

Dcp.| 

Dili 

Lat. 

Dep. 

Dili 

Lai. 

Dep. 

Diltj  Lat. 

Le. 

I 

CO, 7 

00,7 

6l 

45-3 

40,8! 

121 

89,9 

80,9 

181 

1  34>5 

121,1 

24-1 

>79- 0 

Jl6l,2 

2 

01, J  01,3 

62 

46,1 

4*, 5 

22 

90,6 

81,6 

S2 

135-2 

121,8 

42  179,8 

161,9 

3 

02,2 

02,0 

63 

46,8 

42,1  : 

23 

9', 4 

82,3 

83 

135-9 

122,4 

45 

180,5 

162,6 

4 

03,0  02.7 

64 

4", 5 

42,8 

24 

92,1 

83,0 

84 

136,7 

123,1 

44  >81,3 

1632 

s 

03,7 

i°3>3 

65 

48,3 

43,5 

25 

9’-,9 

83,6 

85 

137,4 

123, S- 

45 

,182,0 

163,9 

6 

°4>5  &4>c 

66 

49,0 

44  21 

26 

93.6 

l_84>3 

86 

!38,2 

124,4 

46 

182,7 

164.6 

n 

/ 

°5-2 

i°4>7 

67 

49,8 

44, 3j 

27 

94,3 

85,0 

s- 

138,9 

125,1 

47 

183.5 

165,2 

8 

°5>9 1°5>4 

68 

5°,  5 

»S>5 

zl 

95-1 

85,6 

88 

139.7 

125,8 

1  ^2  i ~ 

165,9 

9 

06,7  c6,o 

69 

52,3. 

46,2! 

29 

95, s 

86,3 

89 

140,4 

126,4 

40  >85,° 

166, fa 

IO 

07,4 

06,7 

70 

52,0 

46,8 

32 

1  o6,6 

87,0 

90 

141,1 

127,1 

5’ 

>85,7 

167,2 

1  I 

08,2 

°7>4 

7 1 

52,7 

47,5 

>3' 

97  3 

87,6 

191 

141,9 

127,8 

251 

(186,5 

167,9 

12 

08,9  08,0 

72 

53»5 

4', 2 

32 

93,i 

00,3 

92 

142,6 

128,4 

52 

187,2 

168,6 

1 3 

°p,7  |°S,7 

73 

54,2 

48,8: 

33 

98,8 

89,0 

93 

M3>4 

129,1 

53  '87,9 

169,3 

»4 

10.4  09,4 

74 

55, ° 

49,5 

34 

!  99,5 

89,6 

94 

>44,1 

129,8 

54 

188,7 

169,9 

15 

i  I  J 

I  0,0 

75 

55>7 

50,2. 

33 

i°o,3 

90  3 

95 

144.9 

>30-5 

I  5 5 1 1  °9.4 

,170,6 

l6 

11,9 

10,7 

70 

56,5 

50,0  j 

36 

IOI  0 

91,0 

96 

145,6 

131,1 

56 

190,2 

>71,3 

17 

12,6 

i',4 

77 

57>2 

5'> 5, 

.37 

ici,S 

Si’7 

97 

146,3 

>31,8 

57]  >9°»9 

17L9 

lS 

1 3.4 

I2,C 

78 

57>9 

52, 

33 

102,5 

92>3 

98 

H7,i 

132,5 

58  19', 7 

172,6 

>9 

,4>I 

1 2,7 

79 

58,7 

52,9; 

39 

i°3>3 

93,° 

9) 

147,8 

i33>> 

59 

>92.41173,3 

20 

M,9 

13,4 

80 

39.d 

53  5 

40 

104,0 

93,7 

2?0 

148,6 

*33,8 

60 

>93.  * 

>73,9 

21 

15,6 

14,0 

si 

60,2 

54,2 

141 

104,7 

94,3 

201 

149,3 

134,5 

26l 

D93.9 

174,6 

22 

16,3 

I4>7 

Si 

60,9 

54,9 

42 

105,5 

95.° 

02 

150,1 

'35>r 

62  194,6 

>75>3 

*3 

17. 1 

15,4 

33 

61,7 

35-5: 

43 

106,2 

95-7 

°3 

150,3 

•35.8 

63  195,4 

175,9 

24 

17,8 

16,1 

84 

62,4 

56,2: 

44 

ic7, ° 

96,3 

04 

!5i>5 

'36,5 

64  196,1 

176,6 

25 

iS,6 

16,7 

S5 

63,1 

56,9. 

45 

>°7>7 

97,° 

°5 

1 

*37  >J 

6  3 

,'96,9 

>77,3 

26 

1  S’  3 

17,4 

86 

63,9 

S7  >5 1 

|  46 

108,5 

97,7 

06 

153,0 

137,8 

66 

>97,6 

>77,9 

27 

20,1 

18,  j 

87 

64,6 

58, 21 

47 

109,2 

98,3 

07 

153,8 

>38.5 

67 

1198,3 

178,6 

23 

20,  s 

18,7 

88 

6  5, 4 

58,91 

48 

109.9 

99,0 

cS 

>54-5 

1 39’ 1 

1  68  199,1 

179,3 

29 

21,3 

19,4 

8 

66,i 

59>  5 1 

49 

110,7 

99>7 

09 

155>3 

139  S 

69 

;  >  99,° 

180,0 

30 

22,3 

20,  r! 

9 

66,9 

6c,  1 

5° 

1 1 1,4 

1 00,4 

IO 

156,0 

140.5 

1  7C 

'200,6 

180,6 

3 1 

23,0 

20,71 

9' 

62,6(60,9! 

2  5 1 

1  12,2 

101,0 

21  i 

256,7 

141,2 

271 

201,3 

181,3 

32 

23,8  21,41 

92 

68,2161,41 

52 

I  12,9 

101,7 

12 

>57,5 

141,8 

72 

202,1 

182,0 

33 

24>5 

22,I| 

95 

69  ' 

62,-2 

53 

U3  7 

102,4 

13 

158,2 

142,5 

7  ^  202, S 

182,6 

34 

25>3 

22,7 

1  ^ 

69,8  62,9 

54 

114,4 

103  0 

14 

159,0 

142,2 

74 

203,5 

>83,3 

35 

26,0 

23,4, 

95 

70,6636; 

55 

115, 1 

103.7 

15 

i59,i 

143,8 

75 

204.3 

164,0 

36 

26,7 

24,1 

|  96 

7i,3 

64,2' 

56 

115.9 

104,4 

16 

160.5 

144.5 

76 

205,0 

184,6 

37 

27.5 

24  S; 

97 

72,1164,9 

57 

116,6 

105,0 

J7 

161,2 

145,2 

77 

205,8 

1S5.3 

3» 

28,2 

25,4 

9S 

72,8  65,5 

53 

H7,4 

:o5,7 

iS 

161,9 

145, d 

78 

206,5 

186,0 

39 

29,0 

26,  ij 

99 

73,5  66  2 j 

59 

118,1 

106,4 

19 

162,7 

146.5 

79 

207,3 

l8b,6 

40 

29  7 

26, 8| 

1  ICO 

74,7 1 66,9 

60 

1 18,0 

107,0 

20 

163,4 

147,2  | 

j  80 

208,0 

187,3 

4J 

30.5 

27-4! 

1 01" 

74,0167,6 

l6l 

119,6 

107,7 

221 

164,2 

>47,8 

I2S1 

208,7 

188,0 

42 

3«»2 

28,1  ' 

02 

75,8|68,2! 

62 

120,3 

108,4 

22 

i64,9 

148,5 

82 

209,5 

188,7 

4? 

3  '>9 

2S.8! 

°3 

76,5168,9; 

63 

12  1,1 

109,0 

23 

165,7 

149,2 

83 

210,2 

'S9,3 

44 

3-’7 

29  4 

04 

77,3|6o,6 

64 

121,8 

109,7 

24 

166,4 

>49.9 

84 

211,0 

190,0 

4' 

33>4 

30,1 

°5 

78.0  70,2 

65 

122,6 

110,4 

25 

167,1 

150,5 

85 

iii,7 

190,7 

46 

34,2 

30,8 

06 

”8,7 

70,9' 

66 

122,3 

111,0 

26 

167,9 

151,2 

86 

2x2,5 

r9i’3 

47 

34>9 

3>,4 

c7 

79  5 

71,6, 

67 

I24  I 

III  7 

27 

i6S,6 

>5>»9 

87(213,2 

192.0 

48 

35,7 

32,  1 

c8 

So,  2 

72,3 

68 

124  8 

I  12,4 

2  0 

169.4 

>52,5' 

88213,9 

192,7 

49 

iM 

32,8 

09 

2i,o 

72,  >| 

69 

*25,5 

113,1 

29 

170,1 

153,2' 

89 

214:7 

>93-3 

5° 

17  * 

33  5 

IO 

Si, 7 

73- 6j 

70 

126,3 

i'3>7 

30 

170.0 

153.0! 

90 

2  15,4 

'94,o 

5' 

37,9 

34,  J 

I  J  I 

82,5 

74,3 

171 

127,01 

■14,4 

231 

171,6 

1 54>  S  j 

291 

2l6,2 

194,7 

52 

38,6 

34,8 

12 

83,2, 

74-9 

7  - 

127,8 

115,1 

32| 

172,3 

155,2 

92 

2  16,9 

195,3 

53 

39-4 

35>5: 

'13 

83,9  75,6 

73 

128.5! 

H5>7 

33 

1^31 

155,9 

93;2I7>7 

196,0 

54 

40,1 

36,'! 

14 

84,7 

76,3 

74 

129,3! 

'1 6,4 

74, 

I73-S 

>56, 5: 

94 

218,4 

I96,7 

55 

40,9 

36,  si 

1 5  j 

85  4 

76,9 

75 

130,0 

117,1 

35 

174,6 

157,2 

93 

219,  > 

197,4 

56 

4i>6 

37-5 

i6j 

86,2 

77,6 

76 

iso, 7 • 

1  ’7> 7 

56 

175  3 

>57,91 

96, 

219,9 

198,0 

57 

42,3 

38,1 

1 7 

36,9 

73,5 

77 

'  3  *’5 

11 8,4 

37 

i?6,  i 

158,5 

97, 

220,6 

>98,7 

5s 

43,i 

30,8 

iS 

0  _  _ 

°7>/ 

73,9 

7» 

1 :2,2 

119,1 

3' 

176,8 

159,2 

98(221,4 

199,4 

*5° 

43,8 

39>5 

29 

SS,4 

79,6 

79 

133 

H9>7 

39 

17-5 

>59-9 

99 

2** 2  I 

200,0 

6 

44  6 

40,1 

2C 

89,1 

So,  2 

80 

I33.7 

I2C,4 

4° 

178.3 

160,6 ; 

aooi 

222,9 

200,7 

Dili 

DeP. 

L2t 

D.ft 

Dap. 

Lat.; 

Dirt 

Dep. 

Lat. 

Diftj  Dep, 

Lat.  j 

D  ft,  D.p.  1 

Lat. 

for  4S  Dsj. 


Difference  of  Latitude  and  Departure  for  43  Deg, 


Did 

Lat. 

Dep. 

Did 

Lat 

Dep. 

Dirt [  Lat. 

Dep. 

Dift 

Lat. 

Dep. 

Dift 

L 

,Dep. 

I 

00,7 

00,7 

6l 

44)6 

41,6 

I  2  I 

1  88,5 

82,5 

l8  I 

132,4 

123,4 

241 

176,3 

'64,3 

2 

01,5 

01,4 

62 

45.3 

42>3 

22 

89,2 

83,2 

82 

I33,i 

124,1 

42 

177,0 

165,0 

3 

02,2 

02,0 

63 

46,1 

43>° 

23 

90.0 

83,9 

83 

133,8 

124,3 

43 

177,7 

165.7 

4 

°2l9 

02,7 

64 

46,3 

43.6 

24 

9°>7 

84)5 

84 

134,6 

125,5 

44 

1/8,4 

166,4. 

5 

°3>7 

°3>4 

65 

47.5 

44.3 

25 

91  4 

85,2 

85 

135,3 

126,2 

45 

179,2 

167,1 

6 

04,4 

04,1 

66 

48.3 

45>° 

26 

92,1 

85.9 

86 

136,0 

126,8 

46 

179,9 

167,7 

7 

05.1 

04,8 

67 

49.0 

45.7 

27 

92,9 

86,6 

.87 

136,8 

127,5 

47 

180,6 

168,4 

8 

°5>9 

°5>5 

68 

49)7 

46,4 

28 

93.6 

87.3 

83 

137=5 

128,2 

48 

181,4 

169  1 

9 

06,6 

06,2 

69 

5°’5 

47)' 

29 

94.3 

88,0 

89 

138,2 

1-8,9 

49 

182,1 

j  69, S 

IO 

°7>3 

06,8 

70 

51.2 

47.7 

30 

9S=i 

88,6 

9° 

1.39,0 

129,5 

So 

182,8 

1 7°;  5 

I  I 

08,0 

°7;5 

7' 

5r>9 

48>4 

131 

95>8 

89,3 

191 

1 3  9 , 7 

730.2 

251 

183,6 

171,2 

12 

08,8 

08,2 

•  72 

52>7 

49.1 

32 

96,5 

90,0 

92 

140,4 

130,9 

52 

i84>3 

171,8 

13 

09=5 

08,9 

73 

53.4 

49)8 

33 

97>3 

90.7 

93 

141,1 

131,6 

53 

185,6 

172,5 

14 

10,2 

°9>5 

74 

54>' 

5°>5 

34 

98,0 

91.4 

94 

141,9 

132,4 

54 

185,8 

173,2 

>5 

u,o 

10,2 

75 

54)9 

5')2 

35 

98,7 

92,1 

95 

142,6 

133,0 

55 

186,5 

173,9 

l6 

n>7 

10,9 

7b 

55.6 

51,8 

36 

99)5 

92)7 

9b 

'43=3 

'33,6 

56 

187,2 

i74>  5 

17 

I2>4 

1 1,6 

77 

56.3 

52.5 

37 

ICO, 2 

93  4 

97 

144,1 

1 3  4>3 

57 

187,9 

175,2 

18 

13,2 

12,3 

78 

57.0 

53)2 

38 

100,9 

94,i 

98 

!44,8 

r35° 

58 

188  7 

I7  5=9 

'9 

13,0 

79 

57.8 

53.9 

39 

101,7 

94,8 

99 

'45,5 

735  7 

59 

189,4 

176,6 

20 

14,6 

13,6 

80 

58.5 

54.5 

40 

102,4 

95.5 

200 

146,3 

136,4 

60 

190,1 

177,3 

21 

■5>4 

'4.3 

8  j 

59)2 

55>2 

141 

103,1 

96,2 

201 

147,0, 

'37,i 

261 

190,9 

178,0 

22 

16,1 

15,0 

82 

60,0 

55.9 

42 

io3>9 

96,8 

02 

i47,7 

'37,7 

62 

191,6 

1 78,6 

23 

16, 8 

'5)7 

83 

60,7 

56,6 

43 

104,6 

97,5 

03 

148,5 

138,4 

63 

192,3 

179  3 

24 

17,6 

164 

84 

61,4 

57.3 

44 

io5>3 

98,2 

64 

149,2 

139  1 

64 

193,1 

1800 

25 

18,3 

17)' 

85 

62,2 

58,0 

45 

106,0 

98,9 

05 

H9,9 

139,8 

65 

193,8 

180,7 

26 

19,0 

'77 

86 

62,9 

58,6 

46 

106,8 

99,5 

06 

1 5°,7 

140,5 

66 

'94,5 

181,4 

27 

r9»7 

i  S,4 

87 

63,6 

59-3 

47 

107,5 

100,2 

07 

I5I>4 

I4I,2j 

67 

i95,3  '82,1 

28 

20,5 

r9)'| 

88 

644 

60,0 

48 

1 08,2 

too, 9 

08 

152,1 

141,8 

68 

196,0 

182,7 

29 

21,2 

19.8! 

89 

65,1 

60,7 

49 

109,0 

xoi,6 

09 

152,9 

142,5 

69 

196,7 

183,4 

30 

21,9 

20,5 

90 

65,8 

61,4 

50 

IO9.7 

102,3 

IO 

1  5’, 6 

'43,2 

7  o- 

197  a 

184,1 

3" 

22,7 

21,2 

9' 

66,6 

62,1 

'5' 

iio,4 

103,0 

211 

154,3 

-'43>9 

271 

198,2 

184,8 

32 

2  3>4 

21, S 

92 

67.3 

62,7 

52 

I  I  1,2 

103,6 

12 

155, 0 

'44,5 

72 

198,9 

185,5 

33 

24,1 

22,5 

93 

63,o 

63,4 

53 

1 1 1.9 

i°4,3 

13 

>55,8 

145,2 

73 

'99,7 

186.2 

34 

24.9 

23,2 

94 

68,7 

64,1 

54 

112,6 

105,0 

14 

156,1 

145,9 

74 

200,4 

186,8 

35 

25,6 

23)9 

95 

69.5 

64,8 

55 

1I3>4 

105>7 

15 

157,2 

146,6 

75 

201, T 

187,5 

3b 

26,3 

24)5 

96 

70,2 

65.,5 

56 

1 14.1 

106,4 

l6 

1 58,0 

'47,3 

76 

201,9 

188,2 

37 

27,1 

25)2 

97 

7°>9 

66,2 

57 

114,8 

107,1 

17 

>58,7 

148,0 

77 

202,6 

188,9 

38 

27,8 

25.9 

98 

71.7 

66,3 

58 

115,6 

107,7 

iS 

159,4 

148,6 

78 

207,3 

189,5 

39 

28,5 

26,6 

99 

7  2)4 

67.5 

59 

116,3 

IQ8,4 

19 

I  60,2 

'49,3 

79 

204,0 

19  0^2 

40 

29.3 

-7,3 

TOO 

73.' 

68,2 

60 

II7»0 

109,1 

20 

1 60,9 

150,0 

So 

204.8 

190,9 

41 

30,0 

28,0 

IOI 

73.9 

68,9 

161 

U7,7 

109,8 

221 

161,6 

1 5°>7 

281 

20-*, 5 

191,6 

42 

30,7 

28,6 

02 

74.6 

69)5 

62 

1135 

110,5 

22 

162,4. 

1.5',  4 

82 

206,2 

192,3 

43 

3i>4 

29>3 

°3 

75.3 

70,2 

63 

119,2 

111)2 

23 

163,1 

152,1 

83 

207,0 

193,0 

44 

32,2 

30,0 

04 

76,1 

70  9 

64 

”9.9 

m, 8 

24 

163,8 

152,7 

84 

207,7 

193,6 

45 

32>9 

3°)7 

°5 

76,8 

71.6 

65 

120,7 

112,5 

25 

164,6 

'53,4 

85 

208,4 

194,3 

46 

33>6 

3J;4 

06 

77.5 

72.3 

66 

121,4 

113,2 

26 

1  ^5»3 

'54,i 

8b 

209,2 

195,0 

47 

34.4 

32,1 

07 

78,3 

73.0 

67 

122,1 

H3,9 

27 

166,0 

154,8 

87 

209,9 

'95,7 

48 

35;' 

32,7 

OS 

79.0 

73)6 

68 

122,9 

U4,5 

28 

166,7 

155)5 

88 

210,6 

196,4 

49 

35)8 

33>4 

°9 

79)7 

74>3 

69 

123  6 

115,2 

2Q 

167,5 

156,2 

89 

211,4 

i97,i 

5° 

36,6 

35)1 

iojoo,4 

75. 0 

70 

124,3 

U5.9 

30 

168,2 

1 56,8 

90 

2  12,1 

'97,7 

51 

37,3 

34.8 

IIl|8l,2 

75.7 

171 

125,1 

116,6 

231 

168,9 

157,5 

291 

212,8 

198,4 

5 - 

38,0 

3  5)5 

12 

81,9 

76,4 

72 

125,8 

"7,3 

32 

169,7 

158,2 

92 

213,6 

199, 1 

53 

38,3 

36.2 

I3  02,6 

77-1 

73 

1 2.6, 5 

118,0 

33 

170,4 

158,9 

93 

214,3 

199,8 

54 

33,5 

36)8 

4;  83,4 

77.7 

74 

'27,3 

118,6 

34 

171,1 

1 59, 5 

94 

215,0 

200,5 

55 

4o,  i 

37)5 

15184,1 

78,4 

75 

128,0 

IJ9>3 

35 

171,9 

160,2 

95 

215,7 

201,2 

56 

41,0 

38,2 

1 6 1 84,8 

79)i 

76 

128,7 

120,0 

36 

172,6 

1 60,9 

9fi 

216,5 

201,8 

57 

41,7 

3S;9 

17:85,6 

79)8 

77 

129,4 

120,7 

37 

773,3 

161,6 

97 

217,2 

202,5 

58 

42,4 

39)5 

l8  86,3 

80,5 

78 

130,2 

121,4 

38 

174,? 

162,3 

98 

218,0 

203,2 

59 

43>i 

40,2 

19  87,0 

Si, 2 

79 

130,9 

122,1 

39 

'74,8 

163,0 

99 

218,7 

203, q 

60 

43>9 

AO. 9 

20 

07,8181,8 

80 

131,6 

122,7 

40 

163,6 

3oc 

219,4 

204,6 

Dift|  Dep. 

i_,<j  t  ■ 

D  ft  i  Dep. 

1^2 1. 

Dift 

Dep. 

Lat. 

Dift 

Dp. 

Lat. 

iDiftS 

Dep. 

Laf . 

fh  2  ] 

1  4* 

Difference  of  Latitude  and  Departure  for  44  Deg. 


D  ft  Li.  D.-p.|  D  ft  La.  De.'.l  U>:t  Lat.  D'  ?. 


1  00,7  00,7 
a  oi,4|cT,4  | 
3  02,202,11 : 

4|Oz,9:o2,S|  i 
5  °3>6  03,5  • 


6  04,3 

7  i°S>o 


04,2 
4  9! 


8  05,8.05  91 
9106,5  06,3 
10)07,2 o6,q;  I 

1 1  !c7>9  :°7>  J ;  j 

12  cS, 6 ,08,3 
13109, 4(09  ol 

14  10,1  09, 7  j 

1 5  j 10, S  10,4 
H,5  '!>' 
12,2 
12,9 

'3,7 
14  4 


10 

17 

18 

19 

20 


32 

33 

34 
3C 

36 

37 

38 

39 

40 


1 1.8  ’ 
12.5 
•3,2 
'3.9, ! 

15  1  14,6 : 1 

>5, 8  1 5»  3  ’ 
16,5  rn,oj : 

16  : 

*  '  ,  | 
‘•7.4! 
.8,. 
is,s ; 

19,4: 1 

20, 1  1  | 

20.8  ,  1 


2  A  17,"! 
18,0 
'8,7 
*9>4 
20,1 
21,9 


21,6 


22 
23,0 

23  7 

24  5 

25.2 
25,9 
26,0 

27.3 
28, 1 
28,8 


61  45,9  42,4  121 

62  44,6  43,1  22 

6i  45.3  43>8  23 

64  4u,c  44,5  1  24 

65  46,8  45,1  25! 

6t>;47>5:45>8  261 

67  4y, 2  46,5  |  27 
68:48,9  47,2  j ;  281 
6°]49  6-47,9  ;  29' 
70  50,4  48,6]  30. 

7'  S'  M9>3|  T7T 
72  51,8 1 50.0  j  32 

73 :  5->5 ' 5°»7 
74:53,251,4 

75! 53-9  52>' 

76  54,7  52,8 

7'  S5,4  53-5 
7s  ’  56, 1  54,2 
79156,8:54,9 

57, 5 1  S  4,6 

8 1 :  S8-3  5^,3  j  141 
8:.59,c  57,o|  ■  42 

8 3  59.7  5:>7;  43' 

84  60,4  58,3  |  44 

85  61,1  59,0  !  4j 

86  61,9  59,7  ;  46 

87  62,6  60,4  1  47' 


87,8 1 
8S,5  85,4 

89,2!  86,1 
89  9]  86,8 
90,6]  87,5 
91, 4|  88,2; 
92,11  88,9! 


102,1! 

102  9  99,3 


88  65,5 


. _ .,6,»i 

89 !  64,0' 61, S 
00  64, 7  62  5 


21,51 

1  9' 

65,5 

63,2 

22,2 

!  92 

66,2 

63,9 

22,9' 

i  93 

66,9!64.o 

23,6 

1  94 

67,6 

65>3 

24,3: 

95 

68  3 

66,0 

25,0; 

96169,1 

66,7 

-5,7! 

97 

69,8 

67H 

26,4. 

gS 

70,5 

68. 1 

27,1 

99 

71,2 

68.S 

27,8- 

1  CO 

71, q 

60.5 

28,5 

101 

72  6 

7-1 1 

'9- 

02 

73,4 

70,8 

29,9 

°3 

74-1 

7L5 

30,6! 

c4 , 

74, 8 

72>2 

3',3 

°5 

73-5 

72,9 

32,0 

06 1 

76,2 

73  6 

32,6 

07  • 

77,c 

7-1  >3 

33-3 

°?| 

'7-7 

7  5>c 

;4,o. 

cqf 

77,4  75,7  | 

<4,7 ) 

10 

79-’ 

7®  4 

3  5,4! 

79,«! 

77, • 

36,1 

12 

So, 6 1 

77, 8 ! 

36.8 

!?! 

5 1,3 

78>5 ! 

4 1 1 29 s 

42  3°, 2 
43 1 3°.  9 
44  3'>6 
45'32,4 
4®|3  >>! 
47  33>8 
48 1 34,5 
49 !  3  5»2 
50  36,0 

S'!l^ 


5 5  3 9 - 38>2  )  1 5 , ^22,7 ' 79,0  I 
5^  40,3, 5S, 9  ;  1 6 . *> 3 j<i |  So, 6  : 
57  41,0)39,6:1  17  84,2:81,3' 
58;  41,7, 4-0,3  i8:?4.9,82,o 
59  !4Z»4 1 4*»c ,  i  10.85,682,7 
ec : 41,2 141.7  j  20jSo. 3)83,4 

DiftjDep.i  Lat.  ;Difi;De?  1  Lat. 


48 

49 

40 

1 5 1  j 

5 

53 

54 

56; 
5?  ‘ 

58 

59, 

10  I 

62 

63! 

64' 

651 

66; 

67, 

68| 

6sj 

7° 


105,"]  102,1 
106,5]  102,8 


52!  109,5 1 105  6 j | 
nc,r  106,3 
1 10,8  107,0 
UI,5;  IO/>7 
1 12,2)  ioS,4 
1 12,5;  109, 1 
113,6  109,7 

114,4!  1 10,4 
1 1 5.1 1 1 1 1, 1 1 


1 16.5  1 12,5 
117.2  113,2 
i iS,oi  r  13,9 
118,7)114,6 
119,41115,3 
120,1  116,0 
120,oj  1  16,7 

121.6  1 17,4! 
I22,-.!it8,I 


171 

71;  123,7)  119,5 

73 

74 
75; 

?», 

?i| 

79, 

So 

'dZ-iTx 


‘24-4!  1 
;  125.2)  120,9 
125,9  121,6 
.26,6)  122,2 
127,3]  122,9 
120,0  123,6 
128,8'  124,3 


f  Lai. 


D.ft 

1  Lat. 

181 

130,2 

1  82 

I  '3°, 9 

||  8 3 

131,0 

!  84 

,  1 32>4 

|  8  5 

133,' 

I  36 

1133.8 

87 

134,5 

88 

1*35.* 

|  g9 

'135,9 

1 1  90 

-  13^," 

1 9 1 

'37,4 

02 

158,1 

H  93 

'38,8 

1! 94 

139,5 

9; 

140,3 

96 

97 

H',7 

98 

142,4 

ii  99 

143D 

200 

143,9 

201 

144,6 

02 

J45,3 

l  03 

146,0 

;  °4 

146,7 

05 

147,5 

1  c6 

MS, 2 

°7 

148,9 

08 

149,6 

!  09150,3 

IC 

MM 

j  211 

151,8 

'2 

1 52-5 

|  '3 

'  53, 2 

I  14 

'53,9 

i  15 

1 54,6 

16 

155  4 

|l  >7 

156,1 

!  is 

156,8 

1  >9 

•57,5 

1  20 

158,2 

1  ,-ii1 

159  o| 

*  59-7 

h 2  3 

160,4 

24 

161,1 ! 

; 

161,8 

26 

•  62,6! 

,  2-- 

'63,31 

1  iS! 

164,0 

1  291 

164,7] 

1  3° 

165.4 

!,23'| 

1 66,2 

32 

166.9; 

IS 

167,61 
168,3 ! 

1  35 

169,0] 

!  36; 

,69,8 

1  37! 

170,5] 

38 ; 

I7,J2j 

i  39; 

171,0! 

40 

172,6) 

D.ft! 

d=u  i 

Uep. 


128, 


138,9 


143, 


1452 

'44,9 


'47-3 

>4  . 

148.6 

'47,3 

150,0 

150.7 
1 51,4 

152,1 

<2,8 


60,4 


'65, 3 

166,0 


Dut 

Lat. 

Dcp. 

1  241 

171,4 

(  ,D7r4 

1  42 

J  '74,i 

168,1 

1  43 

174, 8 

!  16s,  8 

]  44 

17  5,5 

169  5 

45 

;  176.-- 

■,'70.2 

46 

!  '76,9 

170,9 

47 

!  177,7 

171,6 

4S 

178,4 

172,3 

49 

176,1 

173, c 

50 

1 179,8 

!  *73,6 

25' 

1 180,5 

''74> 3 

m  s2 

1 181,3 

175,0 

53  182,0 

175-7 

54 

(182,7 

i7<i.4 

1  55 

■83,4 

'77.1 

56 184,1 

>77,8 

57 

184,9 

1:8,5 

i  5s  *3 s  6 

179, 2 

1  59 

1 186,3 

179  9 

60)187,'. 

180,0 

1261  j  187,7 

181,3 

1  62 

1 83,4 

182,0 

63189. 2 

.3-7 

64 

1S9  9 

i83>4 

1  64,190.6 

'84,1! 

66l  191,3 

184,8 

67 

192,1 

185,1 

68 

'9l>8 

186, 1 

69 

193,5 

186,8 

70 

19-1,2 

i8-,q 

27i 

i94,9 

1 8b,  2 

72 

194,6 

iS8,9 

73 

196,4]  189,6 

74 

’97,i 

190  3 

i  75 

197,8 

191,0 

76 

[98>5 

191.7 

77 

199.2 

192,4 

78  200,0 

195,' 

79 

200,7!  193,8 

|  8c 

201,4 

194-5 

2b  i 

202,1 

194,2 

821202,8 

>95>9 

|  83  2°3>6 
•  84 '204,3 

196,6 
9', 5 

i  8> 

205,0 

198,0 

86 

20  4, 7( 

14,8  7 

I  *7 

206,4 

'99,3 

1  Sb 

207,2 

200,0 

89 

207  a 1 

200,7 

!  '9= 

208,6 

201,4 

|29i 

209,3] 

202,1 

1  92 

210,0] 

202,8 

93 

210,8- 

2°3,5 

94 

2,11,5 

204,2 

1,  95 

2  12,2 

204,9 

96 

212,9:205,6 

97 

213,6 

2C6,3 

!  98 

2 14,4  207,0 

1  99’ 

215,1 

207,- 

3CO 

21 5,8 

2  cS.ti 

Dm; 

Dep.  i 

Lat. 

lor  46  Deg- 


Difference  of  Latitude  and  Departure  for  45  Deg. 


D.i't 

Lut. 

Dep. ; 

Dift 

Lat. 

Dep. 

Dift 

Lat. 

Dep. 

Diit 

Lat. 

Dep. 

Dift 

Lat. 

Dep. 

1 

00,7 

OOJ  j 

6l 

43.1 

43>i 

I  2  I 

85,6 

85,6 

l8l 

128,0 

128,0 

241 

170,4 

170,4 

2 

o;,.- 

o>.4; 

62 

43.8 

43,8 

22 

80,3 

86,3 

82 

120,7 

128,7 

42 

171,1 

171,1 

3 

02,  T 

02,1! 

63 

44.5 

44.5 

23 

87,0 

87,0 

83 

129,4 

129,4 

43 

i7i,8 

1-1,8 

4 

02, s 

02,8 

64 

45.3 

45.3 

24 

87,7 

87,7 

84 

130,1 

130,1 

44 

172,5 

172,5 

5 

03,5 

03,5 

65 

46,0 

46,0 

25 

88,4 

88,4 

85 

130,8 

130,8 

45 

173,2 

173,2 

fa 

04,2 

04,2 

6b 

46.7 

46.7 

26 

89,1 

89,1 

86 

131,5 

I3L5 

46 

173,9 

173,9 

7 

04,9 

04,9 

67 

4T>4 

47.4 

27 

89,8 

89,8 

87 

132,2 

132,2 

4'7 

174,6 

‘74,6 

8 

°5>7 

°5  7 

68 

48,1 

48  1 

aS 

9°,  5 

90,5 

88 

132,9 

1 3  2,9 

48 

175,4 

'75,4 

9 

Ot’, 4 

oo,4 

69 

48,8 

48, S 

29 

91,2 

91,2 

89 

133,6 

133,6 

49 

176,1 

176,1 

TO 

°7>i 

07,1 

70 

49-5 

49  5 

30 

9J.9 

91,9 

90 

>34,3 

134,3 

•5° 

176,8 

176,8 

i  I 

07, S 

07,8 

7  * 

50.2 

50,2 

131 

92,6 

92,6 

191 

I35,i 

1.35,1 

251 

177,5 

177,5 

12 

08,5 

08,5 

72 

509 

5°>9 

32 

93.3 

93-3 

92 

135,8 

135,8 

52 

178,2 

178,2 

13 

09,2 

09  2 

73 

51,0 

51,6 

33 

94,0 

94,0 

93 

136.5 

136,5 

53 

178,9 

178,9 

14 

°9>9 

°9-9 

74 

52,3 

52’3 

34 

94,7 

94,7 

94 

1 37,2 

137,2 

54 

179,6 

179,6 

15 

10,6 

10,6 

75 

53.0 

53>° 

35 

95.5 

95-5 

95 

>37,9 

137,9 

55 

180,3 

180,3 

jb 

1  '3 

>1.3 

7b 

53, 7 

53.7 

36 

96,2 

96,2 

96 

138,6 

138,6 

56 

181,0 

181,0 

17 

12,0 

12,0 

77 

54-4 

54.4 

37 

96,9 

97,9 

97 

>39,3 

139,3 

57 

181,7 

iS  1,7 

12,7 

12,7 

78 

55.2 

55.2 

38 

97,6 

97,6 

98 

140,0 

140,0 

58 

182,4 

182,4 

19 

>3.4 

13.4 

79 

55,9 

5  4,9 

39 

9«,3 

98,3 

99 

140,7 

140,7 

59 

183,1 

183,1 

ZO 

14  i 

14,1 

80 

56,6 

56,6 

40 

99,0 

99,0 

200 

141,4 

141  4 

60 

183,8 

183,8 

2  I 

14,8 

14,8 

8 1 

57,3 

57>3 

141 

99,7 

99.7 

201 

142,  I 

142,1 

26 1 

184.5 

184,5 

22 

15.6 

15,6 

82 

58,0 

58,0 

42 

100,4 

100,4 

02 

142,8 

142,8 

62 

185.:, 

1 85,3 

z3 

>6,3 

16,3 

83 

58,7 

58,7 

43 

101,1 

101,1 

03 

143,5 

143,5 

63 

186,0 

1 8  .',0 

24 

>7.o 

17,0 

?4 

59.4 

59,4 

44 

ici,8 

101,8 

04 

144,2 

144,2 

64 

1*6,7 

186,7 

25 

17  7 

I'>7[ 

85 

bo,  1 

bo.  1 

4. 

102,5 

102,5 

05 

H4,9 

144,9 

65 

18', 4 

187,4 

26 

>8,4 

18,4 

8b 

5o,S 

60,8 

46 

103,2 

IO3.2 

OO 

>45,7 

145-7 

66 

188,1 

188,] 

27 

>9>> 

19,1 

87 

61,5 

6i,5 

47 

103,0 

103,9 

07 

140,4 

146,4 

6*7  1 88,8 

1 88,8 

28 

19,8 

19,8 

83 

62,2 

62,2 

48 

104,6 

104,6 

08 

147,1 

147,1 

68 

i*9,5 

189,5 

29 

20,5 

20,5 

89 

62,9 

62,9 

49 

105,4 

105,4 

09 

147,8 

147,8 

69 

190,2 

190,2 

3° 

21,2 

212 

90 

63,6 

63,6 

5° 

106,1 

106,1 

IO 

148,5 

148,5 

70 

190,9 

190,9 

3 J 

21,9 

21,9 

9> 

64,3 

64.3 

151 

ro6,8 

iob,8 

21  I 

149,2 

149,2 

271 

191,6 

191,6 

32 

22,6 

22,6 

92 

65,1 

65,1 

52 

!°7.5 

107,5 

12 

H9,9 

149,9 

72 

192  3 

192,3 

33 

23,3 

23.3 

93 

65,8 

63,8 

53 

108,2 

108,2 

13 

*50.6 

150,6 

73 

193,0 

193,0 

34 

24,0 

24,0 

94 

66,5 

6b, 5 

54 

108,9 

108,9 

r4 

615  ',3 

151,3 

74 

193,7 

193,7 

33 

24.7 

24.7 

95 

by  z 

67,2 

55 

109,6 

109,6 

1.5 

152,0 

152,0 

75 

'94-4 

194,4 

3b 

25-5 

25.5 

96 

679 

67.9 

56 

110,3 

110,3 

10 

152,7 

152,7 

76 

195,2 

'95-2 

37 

26,2 

26.2 

97 

b8,6 

6S,6 

57 

II  1,0 

I  I  1,0 

I  7 

>53-4 

153,4 

77 

>95,9 

195,9 

38 

26,9 

26,9 

98 

69>3 

69.3 

58 

1 11,7 

111,7 

18 

154,1 

i54,i 

78 

196,0 

166,6 

39 

27,6 

27,6 

99 

70,0 

70,0 

59 

112,4 

1 12,4 

■  19 

154,8 

154,8 

79 

>97,3 

I9--3 

40 

28,3 

28,3 

IOO 

70,7 

7°>7 

60 

JI3,I 

113,1 

20 

1  s5>6 

155  6 

80 

198,0 

198,0 

4> 

29,0 

29,0 

IO! 

7 1 .4 

71.4 

1 6 1 

113,8 

113,8 

22^1 

156,3 

156,3 

2S1 

198,.- 

198,7 

42 

29,7 

29.7 

02 

72,1 

72,1 

62 

>>4-5 

114,5 

22 

157,0 

i57,o 

82 

199,4 

199,4 

43 

30,4 

3°>4 

°3 

72,8 

72,8 

63 

H5-3 

>15,3 

23 

i.57,7 

157,7 

83 

200,1 

200,1 

44 

3>.i 

3  ' 

04 

73.5 

73.5 

64 

1 16,0 

1 16,0 

24 

1 58,4 

158,4 

84 

O 

oc 

200,8 

45 

31,8 

31,8 

°5 

74.2 

74,2 

65 

116,7 

116,7 

25 

159,1 

i59-i 

85 

201,5 

201,5 

46 

32.5 

32,5 

06 

74.9 

74,9 

66 

i>7,4 

H7,4 

26 

159,8 

159,8 

86 

2C2,2 

202,2 

47 

33.2 

33.2 

°7 

75.7 

75.7 

67 

1 18, j 

n8,r 

27 

160.5 

160,5 

87 

202,9 

202,9 

48 

33,9 

33.9 

08 

76,4 

76  4 

68 

118,8 

1188 

28 

161,2 

16  1,2 

88 

203,6 

203,6 

49 

34.6 

34,6 

°9 

77,> 

77,1 

69 

H9,5 

1  >9'5 

29 

161,9 

161,9 

89 

204,5 

04,3 

5° 

35,4 

35.4 

IO 

77,8 

77,8 

70 

120,2 

IZC-2 

301 162.6 

162,6 

50 

205,1 

205,1 

5' 

36,1 

36,1 

III 

78,5 

78,5 

171 

120;  9 

l  20,9 

231 

1 6  (,3 

165,3 

291 

205,8 

2  5,8 

52 

36.8 

36,8 

I^ 

79.2 

79,2 

72 

121,6 

121,6 

32  j  164.0 

164  0 

92 

206,1 

206,5 

53 

37,5 

37,5 

J3 

79>9 

79-9 

73 

122,3 

122,3 

331164,7 

i'!4,7 

93 

207,2 

207,2 

54 

38,2 

38,2 

14 

3o,6 

80,6 

74 

123,0 

123,0 

34 

>65.5 

165  5 

94 

207,5 

107,9 

55 

38.9 

38.9 

15 

81,3 

81,3 

75 

>23,7 

123,7 

35 

166,2 

16b  2 

9< 

208  6 

208,6 

56 

39  6 

39.6 

l6 

82,0 

82,0 

76 

125,4 

124,4 

36 

)  66  0 

166,9 

06 

209  3 

200,3 

57 

43.3 

40.3 

17 

82,7 

82,7 

77 

12^2 

125.2 

37 

t 1 67,6 

1 6-,6 

9“ 

2  O  . 

2  r  0,0 

5* 

4*>° 

41,0 

18 

83,4 

83,4 

78 

125,9 

125,5 

3S1 168,3 

168,3 

98 

iio,7 

lie, y 

59 

4>>7 

4  T»7 

19 

84.1(84,1 

-79 

1 26,6 

126,6 

39 

1  i6q,o 

16Q.01 

Ot) 

211,4 

2i  1,4 

60 

42,4 

42,4 

20 

84:8 1 84,8 

80 

127,5 

127.3 

40 

160  7 

169,7 

300 

1  2.  1 

212,  S 

Dft 

Dep. 

j  Lat. 

Dift 

Lat. 

Lat. 

Dift 

Lat.  j 

D  ft 

Dp. 

Lr. 

Dft 

\ 

■  Jl  J3. 

Lat. 

iu>  45  D  %. 


I 


Of  Logarithmic  Sines,  Tangents,  and  Secants,  to  every  Point  and 

Quarter  Point  of  the  Compafs. 


Points. 

1  •  1 

Sines.  Co-fines.  Tangents 

i 

Co-tang. 

Secants. 

Co-fecan. 

Points,  j 

o 

0  5 

0  i 

0  I 

o. occcc 
8.  69079 
8.9913c 
9. 16652 

10.00000 

9.99947 

9.99790 

9.99527 

O.CCCCO 
8.69131 
8.99340 
9  17.24 

Infinite. 

11.30867 

1 1. 00660 
;  0.82875 

10.  cocoo 
10.  00053 
10. C0210 
10.00473 

Infinite, 
i  1. 30921 

1  x  00870 
10.83348 

8 

7  i 
7  i 
7  4 

* 

I  l 
1  1 

1  i 

9.29024;  9-99l57  9-29&66 

9-  38557l  9- 98^79'  9-39«78 
9.46282  9.98088  9.48194 

9. 52749  9-973S8  955365 

>0.70134 
10. 6012  1 
10.51806 
10.44639 

10.00843 

10.01321 

10.01912 

10.02616 

10.70976:7 
10.614436  i 

1  °*  537 1 7  6  k 
10.47251  5  i 

2  1 
2  i 
2  i 

2  1 

9. 58284 
9. 63099 

9- 67339 
9.  7 1 1 04 

9.96562  9.61722 
9.95616!  9.67482 

9-94543;  9-727?5, 
9-93335!  9  7777°’ 

10.  38278; 
ic.  325181 
10.  27204! 
10.22230' 

10.03438 
10. 04384 
10.05457 
10  06665 

1 0.41716,6 
10.36901  5  | 
10.  32661  C  i 
10.28895  :  i 

3 

3  i 
3  1 
3  £ 
4-  ! 

9-  74474 
9-77503 
9.  80236 
9.  82708 

9.91985  9.82489, 
9.90483;  9.S702C 
9- 888 1  q(  9. 9141 7! 
9.86979  9-957291 

10.  1751  1;10.  08015 
10. 1298c!  10.095 17 
10.08583  10.  I  I  181! 
10  0427010  x 302 1  > 

10  2552b  5 
10.224974  | 
10. 197644  f 
10. 172924  i 

9.84948]  9.  849481 1 0.00000 

to.  00000  10.  I  5032 

10. 1 5052)4 

Co-fines. 

Sines,  j  Co-tang  Tangents  Co-fecan. 

Secants.  ; 

A  Table  of  Logarithms  from  i  to  10.000. 


No. 

|  0”?- 

\'o. 

Log. 

jNo. 

Log. 

No. 

Log. 

(No. 

Log. 

2 

jo.  00000 

21 

J.  32222 

1  41 

1.  61278 

6l 

i-  7S533:  Si 

1. 9084s' 

2 , 

jo.  3010^ 

22 

34242 

1  42 

62325 

62 

79239I  S2 

91581 

3 

0.47712 

23 

36173 

43 

63347 

63 

79934'  S3 

91908 

4 

'o.  60256 

=4 

38011 

44 

64345 

64 

Sc6iS  S4 

92428 

s 

lo.  69897 

25 

39794 

45 

65321 

65 

S I 29  T  |  85 

92944 

6 

0.77815 

26 

4*497 

45 

66276 

66 

81954!  86 

93450 

7 

O.S45IO 

27 

43136 

47 

67210 

67 

C2607 

i  87 

93952 

8 

c.  90359 

28 

44716 

48 

68124 

6  S 

83251 

!  88 

C444S 

9 

0. 95424 

29 

46240  49 

63020; 

69 

S3885I  89 

94939 

IO 

J.  CO 000 

30 

477I2!  5O 

69897 

70 

645IC 

90 

95424 

J  1 

1. 04139 

3* 

1.40136 

51 

1-7075' 

7i 

1.  85126;  91 

1. 95904 

12 

07918 

r- 

505lS 

52 

71600, 

72 

85733 

92 

96379 

>3 

11394' 

33 

5lS5l 

53 

72428; 

73 

S6332 

93 

96S48 

J4 

14613! 

34 

53148 

54 

73239 

74 

86923 

94 

97313 

1 5 

17609, 

35 

54407 

55 

74036 

75 

8-506 

95 

97772 

l6 

20412' 

36 

5563c 

56 

74819 

76 

880S1 

96 

98227 

17 

*3045 

37 

56820 

57 

75587) 

77 

88649 

97 

9S677 

18 

25527 

38 

57978 

58 

76343'  78 

89209 

98 

99123 

19 

27875: 

39 

59106 

59 

77°S5 

79 

89763 

99  | 

99565 

20 

30103! 

40 

60206 

60 

77S15:  80 

OOj°9 

100  , 

2. 0000c 

A  Table  of  Logarithms  from  I  to  10,000. 


.  0 

I 

2 

3 

4 

5 

6 

r 

8 

9 

2. OOOOO 

2.  00043 

2. 00087 

2.  OOI3C 

2.  00173 

2.  00217 

2.  00261 

2.  00303 

2. 00346 

2.  00389 

OO432 

00475 

00518 

00561 

00604 

00647 

00689 

00732 

00775 

008 1 7 

00S60 

OO9O3 

00945 

00988 

OIO3O 

01072 

01 1 1 5 

01157 

OII99 

01242 

01284 

01326 

01368 

OI4IO 

01452 

01494 

01536 

01578 

01620 

01661 

OI7O3 

oi745 

01787 

01828 

01870 

01912 

01953 

01995 

02036 

02077 

021  ig 

02160 

02202 

O2243 

02284 

0232  q 

02366 

02407 

O2449 

O249C 

02531 

02572 

02612 

02653 

02694 

02735 

02776 

02816 

02857 

02898 

02938 

02979 

0^0  I Q 

03060 

O3IOO 

03541 

03181 

03222 

03262 

03302 

03342 

03383 

03423 

03463 

°35°3 

03543 

°3583 

03623 

03663 

03703 

03743 

03782 

03822 

03862 

03902 

03941 

03981 

04021 

04060 

O4IOO 

2.  041^9 

2.  O4I70 

2. 04218 

2.  O4257 

2.  O4297 

2.  O4336 

2.04375 

2.04415 

2.  04454 

2.  04493 

04532 

04571 

04610 

04649 

04688 

O4727 

04766 

04805 

04844 

04883 

04922 

04961 

04999 

05038 

05077 

05515 

05154 

05192 

05235 

05269 

05308 

05346 

05385 

05423 

05461 

O55OO 

05538 

05576 

05614 

05052 

05690 

05729 

05767 

05805 

05843 

05881 

05918 

05956 

05994 

06032 

06070 

06108 

06145 

06183 

06221 

06258 

06296 

ot>  3  3  3 

06371 

06408 

06446 

06483 

06521 

06558 

06595 

06633 

06670 

06707 

06744 

06781 

06819 

06856 

06893 

06930 

06967 

07004 

07041 

07078 

C7I  14 

07155 

07188 

0722 

07262 

07298 

07335 

07372 

07408 

07445 

07482 

07518 

07555 

07591 

07628 

07664 

O77OO 

.0773? 

07773 

07809 

07846 

07882 

2. 07918 

2. 07954 

2.  07QQO 

2. 08027 

2. 08063 

2.  08099 

2. 08135 

2. 08171 

2.  08207 

2.  08243 

08278 

08314 

08350 

08386 

08422 

08458 

08493 

08529 

08565 

08600 

08636 

08672 

08707 

08743 

08778 

08814 

08849 

08S84 

08920 

08955 

08990 

09026 

09061 

oqoq6 

09131 

09167 

09202 

09-37 

C9272 

09307 

09342 

09377 

O94I2 

09447 

09482 

09517 

09552 

09587 

09621 

09656 

oq6qi 

09726 

09760 

09795 

09830 

O9864 

09809 

09934 

09968 

10003 

10037 

IOO7I 

10106 

IOI4C 

10175 

I02G9 

10243 

10273 

IO3  12 

10347 

10380 

IO414 

10449 

10483 

10517 

IO557 

10585 

10619 

10653 

10687 

I072I 

10755 

107S9 

10823 

10856 

10890 

10924 

10958 

IO992 

11025 

JI059 

11093 

11126 

1 1 160 

55193 

I  1227 

H260 

11294 

U327 

11361 

2.  X1394 

2. 11428 

2. 1x461 

2.  1 1494 

2. 11528 

2. 11561 

2. 11594 

2. 1162s 

2. 11661 

2. 1 1694 

II727 

11760 

11793 

11826 

11860 

11893 

11926 

11959 

55991 

12024 

12057 

I2O9C 

I2I2-* 

12156 

12189 

12222 

12254 

12287 

I2320 

12352 

12381; 

12418 

I2450 

12483 

12516 

12548 

12581 

12613 

12646 

12678 

I27IO 

12743 

12775 

I28oS 

12840 

12872 

12904 

12937 

12969 

13001 

13033 

13065 

13098 

13130 

13162 

53594 

13226 

13258 

I3290 

13322 

23354 

13386 

13418 

J345° 

13481 

53513 

53545 

53577 

13609 

13040 

13672 

13704 

1 37  3  5 

J3767 

53799 

13830 

13862 

13893 

5  39’-  5 

13956 

139S8 

I4OI9 

I4°5i 

140S2. 

14154 

14145 

14176 

14208 

14239 

14270 

14301 

14333 

14364 

H395 

14426 

_  14457 

14488 

14520 

54551 

14582 

2.  14613 

2. 146^4 

2. 14675 

2.  I47OO 

2-  54737 

2. 14768 

2.  14798 

2. 14829 

2.  14860 

2. 14891 

r4922 

I49  5  3 

i49s9 

r50,4 

15045 

15076 

15106 

55537 

15168 

15193 

15229 

15239 

I  ^290 

15320 

15355 

55385 

1 5412 

1544^ 

5  5473 

555°3 

25534 

15564 

x5  594 

15625 

55655 

15685 

55715 

15746 

15776 

15806 

15836 

15866* 

15896 

15927 

5  5957 

15987 

16017 

1 6047 

16077 

■  16107 

16137 

36167 

16197 

16227 

16256 

16286 

16316 

16346 

16376 

16406 

16435 

1 646  5 

16495 

16524 

16554 

16584 

16613 

16  "43 

16673 

16702 

16732 

16761 

16791 

i632o 

16850 

16879 

16909 

16938 

16967 

16997 

1 7026 

17055 

17085 

17514 

57143 

17173 

J7202 

I723I 

17260 

17289 

17319 

17348 

1 7  3  7  7 

17406 

57435 

17464 

17493 

17522 

i755> 

17580 

2.  1760c, 

2-  17638 

2.  17667 

2.  17696 

2.  17725 

2. 17754 

2.  17782 

2.  I78H 

2.  17840 

2.  17&69 

17898 

17926 

17955 

17984 

18013 

18041 

18070 

18099 

1S127 

18156 

18184 

18213 

18241 

18270 

18298 

18327 

58355 

1S3S4 

1S412 

18441 

18469 

18497 

18526 

18554 

18583 

1S61 1 

18639 

18667 

1S696 

18724 

18752 

18780 

18808 

18837 

18865 

18893 

18921 

18949 

18977 

I9OO5 

19033 

19061 

190S9 

19117 

19545 

59573 

19201 

39229 

19257 

192S5 

193  2 

I9340 

19368 

19396 

I9424 

59451 

19479 

19507 

59535 

19562 

19590 

19618 

19645 

19673 

19700 

19728 

19756 

59783 

19811 

19838 

10866 

I9893 

19921 

5  994s 

59975 

20003 

20030 

20058 

20085 

201  12 

20140 

20167 

2OJ94 

20222 

20Z49 

20276 

2O3O3 

2033O 

20358 

20335 

A  Table  of  Logarithms  from  i  to  10,060. 


No.* 

0 

1 

2 

3 

4 

5 

6 

7 

1  * 

160 

161 
16  z 

163 

164 

165 

166 

167 

1 68 

169 

2.  20412 
20683 
20951 
21219 
21484 
21748 
2201  ] 
22272 
2253I 
22789 

2.  2C439 
20710 
20978 
21245 
2151 1 

^775 
22037 
22298 
22557 
226  I4 

2. 20466 
20736 
21005 
21272 

**537 

21801 

22063 

2*524 

22583 

22840 

2.^0493 

20763 

21032 

21299 

2*564 

21827 

22089 

22350 

22608 

22866 

'2. 20520 
20790 
21059 

**3*5 

**590 

21853 

22115 

22375 

**t>34 

22891 

2. 20547 
20S17 
21085 
*1352 
21617 
21880 
22141 
22401 
22660 
22917 

|*.  20575 
20244 
21112 
21378 
2*643 
21906 
22167 
22427 
22686 
22943 

2.  206C2 
2087) 
21139 
2I4C5 
21669 
21932 
22194 
22453 
22712 
22968 

t  2.  20029 
20858 
21165 
2I43I 

21696 

2*958 

2222C 

22479 

22737 

22994 

2.  2< 

2< 

2 

2 

2 

2 

2: 

22 

24 

2 

J70 

171 

172 

>73 

174 

175 

176 

*77 

178 

179 

2.  23045 
233OO 

*3553 

23805 

24=>S5 

243Q4 

24551 

24797 

25042 

252S5 

2. 23070 
23325 

2357* 

2383c 

240S0 

24329 

24576 

24822 

25066 

2531° 

2. 23096 
23350 
23003 
23855 
24105 

*4353 
24601 
24846 
2509 1 

*5334 

2.  2  3I2I 
23376 
2362S 
238S0 
24130 
2437S 
24625 
24871 
25*15 
25358 

2.  23147 
23401 
25654 
23905 
24155 
24403 
24650 
24895 
25139 
25381 

2. 23172 
23426 
23679 
*3930 
24179 
24428 
24674 
24920 
25164 
2  5406 

*•  23I98 
*3452 
23704 

*3955 

24204 

24452 

24699 

24944 

25188 

25431 

2.  23223 

23477 

23729 

23980 

24229 

24477 

24724 

24969 

25212 

25455 

1.23249 

23,02 

*3754 

2«OOJ 

*4*54 

24502 

24748 

24993 

25231 

2  5479 

2. 2; 
25 
2; 

24 

24 

24 

24 

25 
25 
25 

180 

1 8 1 

182 

183 

184 

>83 

1S6 

187 

188 

189 

2.25527 

25768 

26007 

26245 

26482 

26717 

26951 

27184 

27416 

27646 

2.  25551 
25-92 
2603 1 
26269 
26  505 
26741 
26975 
27207 
27439 
27669 

*•*5575 

25816 

26055 

26292 

26529 

26764 

2699S 

27231 

27462 

27692 

2. 25600 
25840 
2  007  9 
26316 
26552 
26787 
27021 
27254 
27485 
*77'5 

2.25624 
2  4864 
26102 
26340 
26576 
26811 
27046 

27277 

27508 

27-38 

2. 2564s 
25888 
26126 
26364 
26600 
26834 
27068 
27300 
27531 
27761 

2.25672 
*59*2 
261  JO 
26387 
26623 
'.6S5S 
27091 
*73*3 
*7554 
27784 

2. 25696 

*5535 
26174 
2641  j 
26647 
26SS 1 
27*14 

27346 

*7577 

27807 

2.  25720 

25959 
26198 
26434 
26670 
265OJ 
27*38 
2737O 
276 .0 
27850 

2.  2j 

25 

26 
26 

26 
26 

27 
1  « 

27 

27 

190 

191 

192 

>93 

*94 

'95 

196 

197 
19S 
<90 

2.  27875 
28  IO3 

2873O 

28556 

28780 

29OO3 

29226 

29447 

29667 

29885 

2.  27898 
28126 

**353 

2S578 

28S03 

29026 

29248 

29469 

29688 

29907 

z.  27921 
28149 
28375 
2S601 
28825 
29048 
29270 
29491 
29710 
29929 

2.  27944 
28171 
28398 
23623 
28847 
29070 
29292 
29513 
29732 
29941 

*•*7967 

28194 

2842a 

2S646 

28870 

29092 

29314 

*9535 

*9754 

*997* 

2.27989 

28217 

28443 

28668 

28892 

29115 

29316 

*9557 

207-6 

29994 

2.  28012 
28239 
28466 
28690 
28914 

*9*3 

29358 

29579 

29798 

30016 

2.  2803  5 
2S262 
2848  S 
287,3 
28057 
29159 
29380 
29601 
2982c 
30039 

2.  2S05S 
28285 
2851  I 
28/35 
2S959 
29181 
294C2 

29623 

29842 

3CG5Q 

2.2S 

2i 

28 
2! 
28 

29 

29 

29 

29 

200! 

201 

202 

2C? 

204 

205 

206 
2C- 

203 

209 

2.  3CI03 

30320 

3°535 
30750 
30963 
3**75 
3*3*7 
3*597 
3I806 
3201  <; 

2.  30125 
30341 

3°5<;7 

30771 

30984 

3**97 
3*408 
31618 
31S27 
3*03  5 

2.  30146 
30363 
30588 
30-92 
31006 
3:218 

3*4*9 

31639 

31848 

32056 

2.  3016S 

3°3S4 

30600 

308*4 

310*7 

31239 

3'4'° 
3 1 660 
31869 
32077 

2.  30190 
30406 
30621 
30835 
31048 
31260 
3'47i 
31681 
31890 
32098 

2.  3021 1 
3c427 
30642 
30856 
3 1069 
31281 
3*492 
31702 
31911 
32 1 18 

2.30233 

3C449 

30664 

30878 

31091 

31302 

315*3 

3*721 

3*93* 

52139 

2.  30255 
304-1 
30685 
30895 
31112 
3*323 
3*534 
3*744 
31952 
32160 

2.  30276 
3C492 
3C7C7 
30920 
3*  J33 

3 1 54  ^ 

3*555 

3*76- 

31973 

32180 

2.  3c 

3« 

3C 

3C 

3* 

3* 

3* 

3* 

3* 

_ 3J 

2.  32 

32 

32 

33 
33 

33 
3: 
3- 

34 
24 

210 

21  I 

212 

213 

214 

215 

2X0 

217 

2l3 

2.9 

2.  32222 
32428 
32634 
32838 
33041 
33244 

33445 

33646 

33*46 

340.14 

2.  32243 

3*449 

32654 

328^8 

33062 

33*64 

33465 

33666 

33866 

34064 

2.  32263 

3*469 

3*674 

32879 

33082 

33*^4 

33486 

33686 

33S85 

340S4 

2.  32284 
3245c 

3*695 

.3*899 

33102 

33304 

33506 

33-06 

33904 

34 1 04 

2.  32305 
.5*510 
32715 
3*9*9 
33*** 
333*5 
33526 
33726 
339*5 

34124 

2.  32325 
3*53’ 
3*73f’ 
32940 

33*43 

33345 

33H6 

33746 

33945 

34'43 

2.  32346 
32552 
32756 
32960 
33163 

33365 

33466 

35766 

33963 

34165 

2.  32366 
32570 

3*777 

3298c 

3  3 1 3  5 
33385 
33586 
33786 

33985 

34185 

2. 32387 

32593 

32-97 

33001 

35201 

33405 

33606 

33806 

34005 

3420; 

A  Table  of  Logarithms  from  i  to  10,00 o. 


■ 

0 

I 

2 

3 

4 

5 

6 

7 

8 

9 

0 

2.  34242 

2.  34262 

2. 342S2 

2.  34301 

2.  34321 

2-  34341 

2.  34360 

2.  34380 

2.  -54400 

2.  34420 

I 

34439 

34459 

34478 

34498 

34518 

34537 

34557 

34577 

34596 

34616 

l 

34635 

34655 

34674 

34694 

347 1 3 

34733 

34752 

34772 

34791 

34811 

3 

34s3° 

34850 

34869 

34889 

34908 

34928 

34947 

34967 

34986 

35005 

4 

35oz5 

35044 

35064 

35083 

35102 

35J22 

35x41 

3516° 

35180 

3  5 '99 

5 

35218 

35137 

35157 

35276 

35295 

35315 

35334 

35353 

35372 

35392 

0 

354” 

3543° 

35449 

35468 

3S488 

35507 

35526 

35535 

35564 

35583 

7 

35603 

35622 

35641 

35660 

35679 

35698 

35717 

35736 

35755 

35774  ' 

8 

35793 

35812 

35832 

35851 

3587° 

35889 

359o8 

35927 

35946 

35965 

9 

35983 

36002 

3602 1 

36040 

36059 

36078 

36097 

361 16 

36135 

36154 

o 

2.  36173 

2.  36192 

2. 36210 

2.  36229 

2.  36248 

2.  36297 

2.  362S6 

2.  36305 

2. 36324 

2.  36342 

I 

36361 

36380 

36399 

36418 

36436 

36455 

36474 

36493 

365” 

36530 

2 

36549 

36567 

36586 

36605 

36624 

36642 

3666 1 

36680 

26698 

36717 

3 

36736 

36754 

36773 

36791 

36810 

36829 

36S47 

36866 

36884 

36903 

4 

36922 

36940 

36959 

36977 

36996 

37014 

37033 

37051 

37070 

37088 

5 

37107 

37115 

37H4 

37162 

37181 

37199 

37217 

37236 

37254 

37273 

0 

37291 

37310 

373z8 

37346 

37365 

37383 

37401 

37420 

37438 

37456 

7 

37475 

37493 

37511 

37530 

37548 

37566 

37585 

37603 

37621 

37639 

b 

3765? 

37676 

37694 

37712 

37731 

37749 

37767 

37785 

37803 

37822 

9 

37840 

378  58 

37876 

■  37894 

37912 

37930 

37949 

37967 

37985 

38003 

o 

2-  38021 

2.  38039 

2.  38057 

2.  38075 

2.  38093 

2.  38m 

2.  l8l^O 

2.  38148 

2. 38166 

2.  38184 

I 

38202 

38220 

38138 

38256 

38z74 

38292 

38310 

38328 

38346 

38364 

2 

38381 

38399 

384i7 

38435 

38453 

38471 

38489 

38507 

38525 

38343 

3 

38561 

38578 

38596 

38614 

38032 

38650 

38668 

38685 

38703 

38721 

4 

38739 

38757 

38775 

38792 

38810 

38828 

38846 

38863 

38881 

388pq 

L5 

389I7 

38934 

3.3952 

38970 

38987 

39005 

39023 

39040 

39058 

30076 

0 

39093 

39m 

39129 

39H6 

39164 

39x82 

39199 

39”7 

39234 

39252 

r7 

39270 

39287 

393°5 

393H 

39340 

39357 

39375 

39393 

39410 

39428 

39445 

3946s 

3948o 

39500 

395r5 

39533 

3955° 

39568 

39585 

'  3q602 

\1 

39620 

39637 

39655 

39672 

39690 

39707 

39724 

39742 

39759 

39777 

i° 

i-  39794 

2.  798 1 1 

2.  39S29 

2.  39846 

2.  39863 

2. 3988 1 

2. 39898 

2.  39915 

i-  39933 

2.  39950 

;i 

39967 

39985 

40002 

4OOI9 

40036 

40054 

4OO7I 

40088 

40106 

4OI23 

4OI4O 

40157 

40174 

40192 

40209 

40226 

40243 

40260 

40278 

40295 

>3 

403T2 

40329 

40346 

40363 

40381 

40398 

40415 

40432 

40449 

40466 

'4 

40483 

40  500 

40517 

40535 

40552 

40569 

40586 

4060^ 

40620 

40637 

;s 

40654 

40671 

40688 

40705 

40722 

407-39 

40756 

40773 

4079° 

40807 

40824 

40841 

40858 

40875 

40892 

40909 

40926 

40943 

40959 

40976 

>7 

40993 

41010 

41027 

41044 

4106 1 

41078 

41095 

41  I  I  I 

41128 

41145 

>8 

41 162 

41179 

41196 

41212 

41229 

41246 

41263 

41280 

41296 

41313 

12 

4>33° 

41347 

41363 

41380 

41397 

41414 

41430 

41447 

41464 

41481 

30 

2.  41497 

2.41514 

2.4153: 

2.41547 

2-  41564 

2.  41581 

2.41597 

2.  41614 

2.  4163 1 

2. 41647 

31 

41664 

41681 

41697 

41714 

4I731 

41747 

41764 

41780 

4X797 

41813 

32 

41830 

41S47 

41863 

41S80 

4l896 

41913 

41929 

41946 

41962 

41979 

33 

41996 

42012 

42029 

42045 

42062 

42078 

" 42094 

42III 

42127 

42144 

54 

42160 

4”77 

42193 

42  210 

42226 

42243 

41259 

42:75 

42292 

4230s 

?S 

42325 

41341 

42357 

42  374 

4239° 

42406 

42423 

42439 

42455 

42472 

56 

42488 

42504 

42521 

42537 

42553 

42570 

42586 

42602 

42619 

42635 

67 

42651 

42667 

42684 

42700 

42716 

42732 

42749 

42765 

42781 

42797 

b8 

42813 

42S30 

42846 

42862 

42878 

42S94 

4Z9II 

42927 

42943 

42959 

69 

4’-975 

42991 

43007 

43024 

43040 

43056 

43072 

43088 

47104 

43120 

70 

2.  43136 

2.43152 

2.  43168 

2.  43x85 

2.  4320  I 

2.  432x7 

2. 43233 

2.  43249 

2. 43263 

2. 43281 

71 

43197 

4331 3 

43329 

43345 

43361 

43377 

43393 

43409 

43425 

43441 

71 

43457 

4?473 

43489 

435°5 

43521 

43537 

43553 

43568 

43584 

43600 

73 

43616 

43632 

43648 

43664 

43680 

43696 

43712 

43727 

43743 

43759 

74 

43775 

43791 

43807 

43823 

43838 

43854 

43870 

43SS6 

43902 

43917 

75 

43933 

43949 

43965 

4398i 

43996 

44012 

44028 

44044 

44059 

44075 

76 

44091 

44107 

44122 

44i3s 

44154 

44169 

44185 

44201 

44217 

44232 

77 

44248 

44165 

44279 

4429: 

443” 

44326 

44342 

4435s 

44373 

4438a 

76 

44405 

44420 

44436 

44451 

44467 

44482 

44498 

44.614 

44529 

44545 j 

22 

4456c 

4457f 

4459' 

4460- 

44623 

44638 

44654 

44  600 

1  44683 

4.A7O0  1 

tu 


A  Table  of  Logarithms  from  i  to  ro,oo 0. 


No. 

0  * 

1 

2 

3 

4 

5 

6 

7 

8 

9 

28C 

2.  44716 

*•  4473  1 

2-  44747 

2.  44762 

2.44778 

*•  44793 

2.  44809 

2.  44S24 

2.  44840 

2.4485 

iS  1 

44871 

44886 

4490* 

449*7 

4493* 

44948 

44963 

44979 

44994 

4.500 

282 

45025 

45040 

45056 

45071 

45086 

45*01 

45  *  *7 

45*3* 

45*48 

45*6 

283 

45*79 

45*94 

45209 

45**5 

45*4° 

45*55 

45*7* 

45286 

45301 

453* 

284 

4533* 

45347 

45362 

4537S 

45393 

45408 

454*3 

45439 

45454 

4546 

285 

45484 

45500 

455*5 

4553° 

45545 

45561 

45576 

4559* 

45606 

4562 

286 

45637 

45652 

45667 

45682 

45697 

457*2 

457*8 

45743 

45760 

4577 

287 

457*8 

45803 

45818 

45834 

45849 

45864 

45879 

45894 

45909 

4592. 

28S 

45939 

45954 

45965 

45984 

45999 

46015 

46030 

46045 

46060 

4607 

289 

46090 

46105 

46120 

46135 

46150 

46165 

46180 

46*95 

46210 

4622 

2Q0 

2.  46240 

2.  46255 

2.  46270 

2.  46285 

2.  46300 

2.  46315 

2.  46-329 

2.  46344 

2.46359 

'2.  4637. 

291 

46389 

46404 

46419 

46434 

46449 

46464 

40479 

46494 

46508 

4652 

292 

46538 

46553 

46568 

46583 

46598 

46612 

46627 

46642 

46657 

4667; 

293 

46687 

46702 

46716 

46731 

46746 

46761 

46776 

46790 

46805 

4682c 

294 

46835 

46849 

46864 

46879 

46894 

46908 

469*3 

46938 

46953 

4696- 

*95 

46982 

46997 

47012 

47026 

4704*1 

47056 

47070 

47085 

47IOO 

47**< 

296 

47**9 

47*44 

47*58 

47*73 

47188 

47  2  02 

47* '7 

47*3* 

47246 

4726 

297 

47276 

47290 

47305 

473*9 

47334 

47349 

47363 

47378 

4739* 

4740- 

298 

474** 

47436 

4745* 

47465 

4748c 

47494 

47  3*0 

475*3 

47138 

,  4755 

299 

47567 

47582 

47  596 

47611 

47625 

47640 

47654 

47669 

47683 

4769! 

300 

2.47712 

2.  47727 

*•  4774* 

*•  47755 

2.  47770 

2-477S4 

2.47799 

2.  478*3 

2.  47828 

*•  4784- 

301 

47*57 

47871 

47885 

47900 

479*4 

479*9 

47943 

47957 

4797* 

47981 

«  302 

48001 

48015 

48029 

48044 

48058 

48072 

48  *7 

48401 

48116 

4813c 

303 

48144 

48159 

4S173 

4S187 

48202 

48216 

48230 

48244 

48259 

4827 

3°4 

48282 

4S302 

48316 

48330 

48344 

48359 

48373 

48387 

48401 

4S41I 

3C5 

4843° 

48444 

4S45S 

4S473 

48487 

48501 

48515 

48529 

48544 

4855! 

306 

48572 

48586 

48600 

48615 

48629 

48643 

48657 

4S671 

48685 

4870c 

307 

4S714 

48728 

48742 

4S756 

48770 

4S7S4 

48-99 

4S813 

48827 

4884 

308 

48855 

48869 

48883 

48897 

4V* 

489*5 

48940 

48954 

48968 

4898. 

309 

48996 

49010 

49024 

49038 

49051 

49006 

49080 

49094 

491-0* 

49*2- 

3 10 

2.  49136 

2.49150 

2.  49164 

2.  49*78 

2.49192 

2. 49206 

2.  4922O 

*•49*34 

2. 49248 

2.  41)26; 

311 

46276 

49290 

49304 

493*8 

4933* 

49346 

49360 

49374 

493SS 

4940 

312 

494*5 

49429 

49443 

49457 

4947* 

49485 

49499 

495*3 

495*7 

4954 

3i3 

49554 

4956S 

49582 

49596 

49610 

49624 

49638 

49651 

49665 

4967* 

3i4 

49693 

49"°7 

4S72I 

49734 

49-48 

49762 

49776 

49790 

49803 

4981; 

3i5 

49831 

49S45 

49859 

49S72 

49SS6 

49900 

499*4 

499*7 

49941 

4995. 

316 

49969 

499S2 

49996 

5C0I0 

50023 

50037 

50051 

50065 

50078 

5009. 

3*7 

50106 

50120 

50137 

5°*47 

50x61 

50174 

50188 

50202 

50215 

5022t 

328 

50243 

50256 

50270 

50284 

50297, 

50311 

503*5 

50338 

5035* 

5°36. 

3*9 

5°379 

50393 

50:06 

50420 

50433 

50447 

50461 

50474 

50488 

5050 

320 

2.  50515 

2.  50529 

2.  50542 

2.  50556 

2.50565 

2. 505S5 

2.50596 

2.  50610 

2. 50623 

2.  50633 

321 

50650 

50664 

5*677. 

50691 

507051 

50718 

5C732 

5°745 

50759 

50771 

322 

30786 

50799 

50S12 

50826 

50839 

50853 

50866 

<0880 

50893 

50903 

3*3 

50920 

5°934, 

50947 

50961 

50974! 

50987 

5ICOI 

51014 

51028 

5*041 

3*4 

5*054, 

51068 

510S1 

5*°95 

51*08 

sun 

5**35 

51*48 

51162 

5**75 

3*5 

51288 

5*202 

5*2*5 

5122S 

5*242' 

5**55 

5  *268 

51282 

5**95 

51308 

326 

5 1 32- 

5*335 

5*343 

5*362 

5*3  5 

51388 

51402 

5*4*5 

5*4*8 

5*441 

327 

5*455 

51468 

514S1 

5*3951 

51508 

51521 

5*534 j 

5*548 

51561 

5*574 

32S 

5*587 

5160* 

51614 

5*627 

51640 

5*653 

51667 

5168c 

5*693 

51706 

329 

917*° 

5*731 

51-46 

5*759 

5*77i: 

5**85 

5*790* 

51812 

5*8*5 

5*838 

33° 

2.51S51 

2.  51864 

2.  5i378 

2.  51S9I 

2.  51904  2.  5 19 17 ! 

2.  5.930 

2.  5*943 

2.  5*956 

2.  51970 

331 

5*9^3 1 

51956 

52009 

52022 1 

5*035 

520481 

52061 j 

52074 

520SS 

52ICI 

332 

52*24 

52127 

52140 

5**53 

52166! 

5**79 

5**9* 

52205 

5221S 

52231 

333 

5**44! 

5  22  57, 

5227° 

52283, 

5**97 

52310 

5*3*3! 

52336 

5*349 

52562 

334 

S2  375 ; 

52388 

5240J 

52414 

5*4*7 

52440 

5*453 

52466 

52478 1 

52491 

335 

52504, 

525*7 

3253° 

5*543 

5*5  56! 

5*569 

52582 

5*595 

52608 

5262  * 

336 

52634j 

52647 

52660 

52673 

52686, 

<12698 

5*7*' 

5*7*4 

5*737 

.337 

52763 1 

52776 

52789 

52802 

51814! 

5*8*7 

42840 

5*853 

52S66 

52879 

33*. 

52S92I 

52904 

52917 

5*932! 

5*943! 

52956 

52069  1 

52981 

5*094 

53007 

1339' 

53O2OI 

53033 

53046 

53058! 

53c7* 

53084 

C  \0%4  7  1 

Si foq! 

1 22 1 

93135 

A  Table  of  Logarithms  from  i  to  10,000. 


0 

I 

2 

3 

4 

5 

6 

7 

8 

9 

2.  £3148 

2. 53161 

2-  53*73 

2. 55186 

*•  53*99 

2.  53212 

2.  53224 

2-  53237 

2.  53250 

2.  53263 

53275 

53288 

53301 

533*4 

53326 

53339 

53352 

53  364 

53377 

53390 

5  3403 

534*5 

53428 

5344* 

53453 

53466 

53479 

5349* 

535°4 

535*7 

S3529 

5354z 

53555 

5356/ 

53580 

53593 

55605 

53618 

53631 

53643 

5  5668 

53681 

53694 

53706 

537*9 

5373* 

53M4 

53757 

53769 

53702 

53794 

53*07 

53820 

53*32 

53*45 

53*57 

53870 

53S82 

53*95 

539°* 

53920 

53933 

5394  ‘ 

5395* 

5397° 

539*3 

53995 

54008 

54020 

54033 

54045 

54°5* 

54070 

54083 

54095 

54108 

54120 

54*33 

54*45 

54'S* 

54*7° 

54183 

54*95 

54208 

54220 

542  33 

54245 

54258 

54270 

54282 

54295 

54307 

54320 

54332 

54345 

54357 

54370 

543*2 

543114 

2.  54407 

2.  54419 

2.  54432 

2.  54444 

2.  54456 

2.  54469 

2.  544*  1 

2.  54494 

2.  -54506 

2-  545'* 

5453 1 

54543 

54555 

54568 

54580 

54592 

54605 

54617 

'54630 

54642 

54654 

54667 

54679 

54691 

54704 

54716 

54728 

54740 

54753 

54765 

5477" 

5479° 

54802 

54814 

54827 

54*39 

54*5* 

54*63 

54*76 

54888 

549° 

549*3 

54925 

54937 

54949 

54962 

54974 

549*6 

54998 

55011 

55oz3 

55035 

55°47 

55°59 

55072 

550*4 

55096 

55108 

55121 

55*33 

55*45 

55*57 

55*69 

55182 

55*94 

552°6 

55218 

5523c 

55242 

55255 

55267 

55275 

5529* 

553°3' 

553*5 

5532* 

55340 

55352 

55364 

55376 

5533S 

55400 

554*3 

5542  5 

5543 

55449 

5546i 

55473 

5  54*5 

55497 

5  5509 

55521 

55534 

55546 

5555* 

5557° 

555*2 

555c4 

55606 

5  5  b  *  * 

2.  55630 

2.  55642 

2.55654 

2.  55666 

2.  55678 

2.  55690 

2.  55703 

2-  557'5 

2.  55727 

2-  55739 

5575*- 

55/63 

55775 

557*7 

55799 

55**1 

55*23 

55*35 

55*4-7 

55 '59 

55871 

55**3 

55*95 

55907 

559*9 

5593* 

55943 

55555 

55967 

55979 

5599* 

56003 

56015 

56026' 

56038 

560  so 

56062 

5':074 

56086 

56098 

56rio' 

56122 

56134 

56146 

56158 

56170 

56182 

56194 

56205 

56217, 

36229 

56241 

56253 

56265 

56277 

562S9 

56301 

56312 

56324 

56336 

56548’ 

56360 

5637- 

563*4 

56395- 

56407 

56419 

5643i 

56443 

56455 

56467' 

56478 

56+90 

56502 

56514 

56526 

56537 

56549 

56561 

56573 

56585 

56597 

56608 

5062c 

50(132 

56644 

56655 

56667 

56679 

5665s 

56703 

56714' 

56726 

56738 

56750 

56761 

56773 

56785 

56797 

56808 

2.  56820 

2-  56832. 

.  56844 

2  •  56*35 

2.  56867 

2.  56879 

2.  56890 

2.  56902 

2.  56914 

2.  56926 

56937 

56949 

5696* 

56972 

569*4 

56996 

57008 

570IQ 

57031 

57043 

57054 

57066 

5707* 

57089 

57101 

57**3 

57124 

57136 

57148 

57*59 

57171 

57182 

57*94 

57206 

57217 

57229 

57241 

57252 

57264 

57275 

57287 

57299 

5-3.0 

57322 

57334 

57345 

5 '357 

57368 

573S0 

5739* 

57403 

574*5 

57426 

5743* 

57449 

5746r 

57473 

574*4 

57496 

57507 

575*9 

5753° 

57  542 

57553 

5756s 

575'6 

575** 

5  7  oo.oi 

57611 

57623 

57634 

57646 

57657 

57669 

57680 

57692 

57703 

577*5 

57726 

5773* 

57749' 

57761 

57772 

577*4 

57795 

57807 

57S1S 

5  7*2-9 

57*4* 

57852 

57S64 

57*75 

57**7 

57808 

57910 

57921 

57933 

57944 

5795  * 

57967 

2.  57978 

2.  57990 

2.  58001 

2.  58013 

2.  58024 

2.  58035 

2.  58047 

2.  58058 

2.  5807c 

2.  5S0S1 

58072 

5S104 

5***5 

5**27 

58138 

5**49 

5816 1 

5**72 

58184 

5**95 

58206' 

58218 

58220 

582+0 

58252 

582.63 

58274 

58286 

58297 

58308 

<18720 

5*33* 

58342 

5*354 

5*3°5 

58376 

58388 

58399 

58410 

58422 

5*433' 

5*444 

5*456 

5*467 

58478 

584-90 

58501 

58512 

58523 

5*535 

5S546 

5*557 

5*569 

58580 

58591 

58602 

586.4 

5S625 

58636 

5*647 

58659 

58670' 

58681 

58692 

58704 

5*7*5 

58726 

5*737 

5*749 

58760 

58771 

58782 

58793 

5**05 

58816 

58827 

5SS38 

5SS50 

58861 

5**72 

5***3 

58894 

58905 

5*9*7 

58928 

5*935 

5*95° 

58961 

5*973 

58984 

5*993 

59006 

59017 

59028 

5904*0 

59051 

59062 

59073 

59084 

59095 

2.  59 106 

2.  591 18 

2.  59129 

2U  $9140 

2.  59151 

2.  59162 

2-59173 

2.  59184 

2-  59*95 

2.  59207 

59218 

59229 

59240 

59251 

59262 

5927  3 

59284 

59295 

59306 

593  *7 

593z9 

59340 

5935* 

59562 

59373- 

593*4 

59395 

594o6 

594*7 

59428 

59439 

59470 

59461 

59472 

594*3 

59494 

59505 

59516 

5952S 

59539 

5955° 

5956* 

59572 

59583 

59594 

59605 

59616 

59627 

5963* 

59649 

59660 

59671 

59682 

59693 

59704 

597*4 

59726 

59737 

5974* 

5975* 

59769 

59780 

5979* 

59S02 

59**3 

59*24 

59*35 

59846 

59*57 

59868 

59*79 

59890 

59901 

59912 

59923 

59934 

59945 

59956 

50966 

59977 

5908S 

59999 

60OIO 

6002 1 

60032 

60043 

Ooo<;4 

60065 

60075 

60086 

601  fO 

60 !  +r 

60141 

601 52 

60163 

60173 

60182 

60195 

[  i  z  J 


A  Table  of  Logarithms  from  i  to  io.cco. 


No. 

0 

40c 

2.  60206 

401 

603I4 

402 

60422 

403 

60530 

404 

60638 

405 

60745 

406 

60*53 

407 

60959 

408 

61066 

409 

61152 

410 

2.  61278 

411 

613S4 

4*2 

61490 

4*3 

6*595 

4*4 

OI7OO 

4*5 

61805 

416 

61939 

4*7 

62,014 

418 

62118 

419 

62221 

420 

2.  62425 

421 

62428 

422 

62531 

4*3 

62534 

4*4 

62737 

4*5 

62839 

420 

62941 

4*7 

63042 

428 

63144 

4*9 

63246 

430 

2.  63347 

43* 

6344S 

43* 

63545 

433 

63649 

434 

63749 

435 

63849 

436 

639+9 

437 

64048 

438 

64147 

439 

64246 

440 

2.  64345 

44* 

64444 

44* 

6+54* 

443 

64640 

444 

64738 

445 

64836 

446 

64933 

447 

65031 

44S 

65128 

449 

65225 

45°j2.  65321 

45* 

6541S 

45* 

655  '4 

453 

6  5G10 

454 

65706 

455 

65801 

456 

65S96 

457 

65092 

458 

66086 

459 

66tSi 

, 60217 
60325 
60433 
60541 
60649 
60756 
60S63 
60970 
61077 
6118-, 


. 60228 
60336 
60444 
60552 
60660 
60767 
60874 
6098 1 
61087 
61194 

•  61300  2. 
61405 
61511 
61616 
61721 
61826 
61930 
62034 
62138 
62242 


.6233512 

62438 

62541 

62644 

62747 

62849 


60239 

60347 

60455 

60563 

60670 

6077S 

60885 

60991 

61098 

61204 

61310 

61416 

61521 

61626 

61731 

61836 

61941 

62045 

62149 

62252 


8 


2,  6l  321 
61426 
6 1 53  - 
61637 
61742 
61847 
61951 
62055 
62159 
62263 


62951 


63053 

63*54 

63*56 

63357 


62346  2 
624491 
62552 ! 
62655 

6*757| 

62859 

62961 

63063 

65165 

63266 


63458 


6355S 


63659 
637  59 
63S59 
6*959 
64058 
6415- 
64256 

•64355 

64454 

64552 

64650 

64748 

64846 

64043 


■  63367 

65468 

63558 

63669 

637  69 

63S69 

63969 

64068 

64167 

64266 


2. 62365 
62469 
62572 
62675 
62777 
62SS0 
62982 
63083 
63185 
63286 


.63387 

63488 

63588 

636S9 

637S9 

63889 

63988 

64088 

64187 

64286 


6535c 

65446 

6  j  5-4-3 
65639 
63734 
6583c 
65925 
6  0020 
68115 
662 10 


2.  60282 
60390 
60498 
60606 
60713 
60820 
60927 
61034 
61140 
61247 


.63407 

63508 

63609 

63709 

63809 

63909 

64008 

64108 

64207 

64306 


■  64395 
64493 
64591 
646S9 
64787 
64S85 
649S2 
65079 
65176 
65273 


.65369 

65466 

65562 

65658 


65S49 

65944 

66039 

66134 

66228 


•  60293  2 
60401 
60509 

606x7 

60724 

60831 

60938 

61045 

61151 

61257 


. 60304 
60412 
60520 
60627 
60735 
60842 
60949 
61055 
61162 
61268 


2,61352,2 

6x458 

61563 

6x668| 

6x773; 

6x878 

61982 

62086 

62190 

62294 

2.62397 

62500 

62603 

62700 

62808 

62910 

63012 

63114 

63215 

63316 
2.  63417 

635*3 

63619 


37*9 


63819 


53919 


64018 

64118 

64217 

643*6 

2.64414 

64513 

64611 

64709 

648O7 

64904 

65002 

65099 
65190 
65292 
2.  653S9 
654S5 
65581 

65677 

65772 

6S368 

65963 

66058 

66153 

66247 


6x363  2. 
61469 

61784' 

6x883 

61993 
62097 
6  2201 
62304 
62408 
6251  I 
62613 
62716 
62SlS 
62921 
63022 
63*24 
63225 
6  3  3  z7 
63428 
6351S 
63629 
63729 
63829 
63929 
64028 
64128 
64227 
64325 


61374 
61479 
61584 
61689 
6*794 
61899 
62003 
62107 
62211 
6*3  *  5 


62418 

62521 

62624 

62726 

62829, 


6i 


93  > 


63033 
63*34 
63236 
63357 


63438 

63639 

63739 

63839 

63939 

64038 

64137 

64237 

64335 


■  64424  2 
64523 
64621 
64719 
64816 
649*4 
65OII 
65108 
65205 
65302 


• 6 5 39s 


65495 

65591 

65686 

65782 

65877 

65973 

66068 

66162 

662* 


64434 

64532 

64631 

64728 

64826 

64924 

65021 

65118 

65215 

65312 


.  6540S 
65504 
65600 
65696 
65792 
65887 
65982 
66077 
66172 
66267 


A  Table  of  Logarithms  from  i  to  io.oco, 


0 

I 

2 

3 

4 

5 

6 

7 

8 

9 

2.  66276 
66370 
66464 
66358 
66652 
66745 
66S39 
66932 
67025 
67H7 

2.  66285 
66379 
66474 
66567 
66661 

66755 

66848 

66941 

67034 

67126 

2. 66295 
66389 
66483 
66577 
66670 
66764 
66857 
66950 
67043 
67136 

2.  66304 
66398 
66492 
66586 
66680 
66773 
66866 
66960 
67052 
67145 

2.  663x3 
66408 
66502 
66596 
66689 
66783 
66876 
66969 
67062 
67154 

2. 66323 
66417 
665*1 
66605 
66699 
66792 
66885 
66978 
67071 
67164 

2.  66332 
66427 
66521 
66614 
66708 
66801 
66894 
66987 
67080 

67173 

2.  66342 
66436 
66530 
66624 
66717 
6681 1 
66904 
66997 
67089 
67182 

2.  66351 
66445 
66539 
66633 
66727 
66820 
66913 
67006 
67099 
67191 

2.  66361 
66455 
66549 
66642 
66736 
66829 
66922 
67015 
67108 
67200 

2.  672IO 
67302 
67394 
67486 
67578 
67665 
6776I 
67852 
67943 
68033 

2.  67219 
67311 
67403 

67495 

67587 

67678 

67770 

67861 

67952 

68043 

2. 6722S 
67320 
67413 

675°4 

67596 

67688 

67779 

67870 

67961 

68052 

2.  67237 
67330 
67422 

67514 

67605 

67697 

67788 

67879 

67970 

68061 

2.67247 

67339 

67431 

67523 

67614 

67706 

67797 

67888 

67979 

6807O 

2.  67256 
67348 
6744° 
67532 
67624 
67715 
67806 
67897 
67988 
68079 

2.  67265 

67357 

67449 

67541 

67633 

67724 

67815 

67906 

67997 

68088 

2  67274 
67367 
67459 
67550 
67642 

677  33 
67824 
67915 
68006 
68097 

2.  672S4 
67376 
67468 
67559 

67651 

67742 

67S34 

67925 

68015 

68100 

2.  67293 
67385 
67477 
67569 
67660 
67752 

67843 

67934 

68024 

68ii< 

2.  68124 
682  14 
68305 
68395 

68484 

68574 

68664 

68753 

68842 

68931 

2.  68133 
68223 
68314 
68404 
68493 

68583 

68673 

68762 

68851 

68940 

2.  68142 
68233 
68323 
684*3 
68502 
68592 
68681 
6S771 
68860 
68948 

2.  68151 
68242 
68332 
68422 
68511 
68601 
68690 
68780 
68869 
68957 

2.  68160 
68251 
68341 
68431 
68520 
68610 
68699 
6S788 
68878 
68969 

2.  68169 
68260 
68350 
68440 
68529 
68619 
68708 
68797 
68886 
68975 

2.  68178 
68269 
68359 
68449 
68538 
68628 
68717 
68806 
68895 
68984 

2.  681S7 
68278 
68368 
68458 
68547 
68(137 
68726 
68815 
68904 
68993 

2.  68190 

6S287 

68377 
68467 
6S556 
68646 
68735 
68824 
6S  9 1 3 

69002 

2.  68205 
68296 
68386 

68476 

68565 

68655 

6S744 

68833 

6S922 

690x1 

2.  69020 
69108 
69196 
69285 
69373 
69460 
69548 
69636 
69723 
69810 

2.  69028 
69117 
69205 
69293 
69381 
69469 

69557 

69644 

69732 

69819 

2.  69037 
69126 
69214 
69302 
69390 
69478 
69566 
69653 
69740 
69827 

2.  69046 
69135 
69223 
69311 
69399 
69487 

69574 

69662 

69749 

69836 

2.  69055 

69143 

69232 

69320 

69408 

69496 

69583 

6967I 

69758 

69845 

2.  69064 
69152 
69241 
69329 
65417 
69504 
69592 
69679 
69766 
69853 

2-  69073 
69161 
69249 

69337 

69425 

69513 

69601 

69688 

69775 

65862 

2.  690S2 
69170 
69258 
69346 
69434 

69522 
69609 
69697 
69784 
6987 1 

2.  69090 

69179 

69267 

69355 

69343 

69531 

69618 

69705 

69793 

69880 

2.  69099 
69188 
69276 
69364 

69451 

69539 

69627 

69714 

69801 

698S8 

2.  69897 
69984 
70070 

70157 

70243 

70329 

70415 

70501 

70586 

70672 

2‘ 69906 
69992 
7OO79 
70165 
70252 
70338 
70424 
70509 
70595 
70680 

2.  69914 
70001 
70088 
70174 
7026c 
70346 
70432 
70518 
70603 
70689 

2.  69923 
70010 
70096 
70183 
70269 
70355 
70441 

70526 

70612 

70697 

2.  69932 
70018 
7OIO5 
7OI93 
70277 
70363 
70449 
70535 
70620 
70703 

2.  69940 
70027 
70114 
70200 
70286 
70372 
70458 

70544 

70629 

70714 

2.  69949 
7OO36 
70122 
70209 
70295 
70381 
70466 
70552 
70638 
70723 

2.  69958 
70044 
70131 
70217 
70303 
70389 
70475 
70561 
70646 

70731 

2.  69966 
70053 

70139 

7022  0 
70312 
70398 
70484 

70569 

70655 

70740 

2. 69975 

70062 

70148 

70234 

70320 

70406 

70492 

70578 

70663 

70748 

5  2.  70757 
70842 
70927 
;  71012 

1-  7*096 

711S1 

71265 

7*349 

7*433 

71517 

2.  70765 
70851 
70935 

7T020 

71105 

7H89 

7*273 

7*357 

7H4I 

71525 

2.  70774 
70859 
70944 
71029 
7H13 
71198 
71282 
71366 
7H50 
7153^ 

2.  70783 
70868 
70952 

71037 

71122 

71206 

71290 

71374 

71458 

71542 

2.  70791 
70876 
7096 1 
71045 
71130 
71214 
71299 
71383 
71466 
71550 

2.  70800 
'70885 
70969 
71054 
71138 
71223 

71307 

71391 

7H75 

71559 

2.  70808 
70893 
70978 
71062 

7  ii47 
71231 
71315 
71399 
71483 
71567 

2.  70817 
70901 
70986 
71071 

7H55 

71240 

71324 

71408 

71492 

71575 

2.  70825 
7O9IO 

70995 

71079 

7U64 

71248 

7*33- 

71416 

71500 

71584 

2.  70834 
7091S 
71003 
710S8 
7117a 
71256 

71341 

71425 

71508 

71592 

A  Table  of  Logarithms  from  l  io.OCO. 


No. 

O 

■ 

I 

2 

3 

4 

5 

6 

l 

7 

8 

9 

520 

2  71600 

2.  71609 

2. 71617 

2.  71625 

2-  71634 

7.  7 1 642 

|2*  7'657 

2.  71659 

2.  71667 

.2,  716- 

5^1 

71684 

71692 

7I7CO 

71709 

71717 

71725 

71734 

71742 

71750 

7i7‘ 

522 

7*767 

71775 

717S4 

71792 

71800 

71809 

71817 

71825 

71834 

7:8-1 

523 

7185c 

7l85S 

71867 

71875 

7'SS3 

71892 

7'97’ 

71908 

71916 

7192 

5*4 

7*933 

7'941 

71950 

71958 

71966 

71974 

719-3 

71991 

-1999 

72CC 

52  5 

72016 

72024 

72032 

72041 

72049 

72057 

72065 

72074 

72082 

72165 

7209 

520 

72099 

72IO7 

72115 

72123 

72  1 ;  2 

72140 

72148 

72156 

721 

S27 

72181 

72189 

72197 

72206 

72214 

72222 

7223O 

72239 

72247 

523 

72263 

72272 

72280 

722SS 

72296 

72304 

72318 

72321 

72325 

>-9 

72346 

72354 

72362 

72370 

72378 

72387 

72395 

72403 

72/]  I  I 

53° 

2.  72478 

2.72436 

2. 72444 

2.  72452 

2. 72460 

2.  72468 

|2.72477 

2.  724S5 

2-  7  •; 

S31 

72509 

72518 

72326 

72534 

72542 

72550 

1  7255S 

72567 

72575 

3:’- 

7259. 

72599 

72607 

72616 

72624 

72632 

72640 

72648 

72656 

533 

72673 

72681 

72689 

72697 

72705 

72713 

72722 

7273c 

72738 

7,7  ‘ 

72754 

72762 

7277C 

72778 

72787 

72793 

72803 

72811 

72819 

72&2 

385 

72835 

72843 

72852 

7286c 

72868 

72876 

72884 

72892 

729CO 

7290 

72916 

729-5 

72933 

72941 

72949 

72957 

72965 

7297  3 

729S1 

729S 

^  *  7 

72997 

73OO5 

73°'4 

73C22 

73030 

73038 

73046 

73°54 

73062 

7307 

53s 

73078 

73086 

73°94 

73102 

73110 

73"9 

73127 

73*35 

73143 

7315 

539 

73159 

73'67 

73*75 

73183 

73191 

73'99 

7  3207 

7321 

73223 

7323 

59° 

2-  73239 

2.  73247 

2-73255 

2.73263 

2.73271 

2  73280 

2.  732SS 

2.  73296 

2  73304 

2-  733' 

54i 

73320 

73328 

73336 

73344 

73352 

73360 

73368 

73376 

73384 

7339 

542 

7340C 

7?4°8 

73416 

73424 

73432 

7344° 

73448 

7K56 

73464 

7347 

543 

73480; 

75488 

73496 

735°4 

73512 

73520 

73528 

73536 

73544 

7355 

844 

7356c 

755^ 

73576 

73584 

73592 

73600 

73608 

73616 

73623 

7365 

54' 

7364° 

73648 

75656 

73663 

73671 

73679 

73687 

7369: 

73703 

7371 

546 

73720 

73727 

7373: 

73743 

73751 

73759 

73767 

73775 

73783 

7379 

547 

73799 

73807 

73815 

73822 

73830 

73S38 

73846 

73851 

73862 

73^7 

548 

73878 

73886 

73^9t 

73902 

73910 

73918 

73926 

73933 

7394' 

7394 

849 

73957 

73955 

7397-. 

73981 

73989 

73997 

74005 

74013 

74020 

.  74°z 

5  8C 

2.74036 

2.  74044 

2. 74052 

2.  74000 

2. 74068 

2.74076 

2.  74084 

2. 74091 

2.  74099 

2.  7410 

--T 

•o1 

74115 

74123 

74131 

74139 

74147 

74155 

74162 

74170 

741/8 

7418 

552 

74194 

74202 

74210 

74217 

74225 

742  3  3 

74241 

74249 

74257 

7426 

553 

74272 

74280 

74288 

74296 

74304 

74312 

74320 

74327 

74335 

7434 

554 

74351 

743  59 

74367 

74374 

74382 

7439° 

74398 

74406 

744'4 

7442 

5  53 

74429 

74437 

74445 

74453 

74461 

74468 

74476 

74484 

74492 

7450 

556 

7  ■  5°7 

74515 

74521 

7453' 

745-9 

74546 

74  5  54 

74562 

7457° 

745" 

5j7 

74585 

74593 

74601 

74609 

74617 

74624 

74632 

7404c 

74648 

7465 

-  -O 

74.A6 ; 

74-67  1 

74679 

746S7 

74764 

74694 

74702 

74710 

74718 

74726 

7473 

5 :9 

7474' 

74749 

7475' 

74772 

74780 

74788 

74795 

74805 

7481 

560 

2.  74310 

2.  74827 

2.74834 

2.  74842 

2.  74S5C 

2.  74S58 

2.  74865 

2.  74S73 

2.  74S8 1 

2.  74S8 

c6t 

74S96 

749°4 

74912 

7491S 

74927 

7493  5 

74943 

74950 

"4958 

7496 

h62 

74974 

74981 

74989 

7499' 

75001 

75012 

7502c 

75028 

75035 

7504 

563 

75°5 1 

7  50  59 

75061 

75c74 

75082 

75=89 

75°97 

75105 

75"2 

75*2 

564 

75128 

75136 

75143' 

7515' 

751 59 

75+66 

75'74 

75182 

75189 

75'9 

36; 

75205 

75212 

75+2C 

7S2.S 

75236 

7S243 

75J5‘ 

75259 

75266 

7'27 

366 

752S2 

75289 

7  52  97 

75305 

75512 

7532= 

75328 

75335 

75343 

7535 

56- 

7535s 

75360 

75374 

7338i 

753s? 

75597 

75404 

75412 

75419 

7542 

368 

75+38 

75442 

7545c 

75458 

75465 

75473 

754S1 

75488 

75496 

755° 

75  58 

5*9 

755  " 

75519 

75526 

75  5  54 

75  542 

75549 

75557 

75565 

7  >  >72. 

2.  75387 

2  7 '595 

2.75603 

-..75610 

2-  756" 

2.75626 

2,75633 

2-  7564» 

2.  7564S 

2.  7565 

571 

;-2 

7-664 

75  '40 

75671 

75747 

7567s 

75755 

756S6 

75-62 

75694 

7577° 

75702 

75777 

75-09 

75785 

757'7 

75793 

75724 

7580C 

7573 

75^0 

573 

75815 

75823 

7583' 

75838 

75846 

75 '53 

75861 

75868 

75876 

7588 

7589' 

75809 

75006 

75914 

75921 

7  5929 

75937 

75944 

76020 

75952 

7595 

759^7 

75974 

75982 

7>9S9 

75997 

76005 

76012 

76027 

7603 

376 

76G42 

76050 

70057 

76061; 

76072 

.76080 

760S7 

76095 

76102 

761 1 

761  fS 

76125 

76133 

76:4c 

76148 

76155 

70163 

76170 

76178 

761S 

>7  £ 

76193 

76200 

76208 

76215 

76223 

76230 

76238 

70245 

76253 

7626 

3"9 

76268 

76275 

76253. 

76290 

7629? 

75305 

76313 

76320 

76528 

7633 

A  Table  of  Logarithms  from  I  to  io.oooo. 


o 

I 

2 

3 

4 

5 

6 

7 

8 

(-  9 

*•  76343 

-2.  76350 

2. 76358 

2.  76365 

2.  76373 

2.  76380 

2.  76388 

2.  76395 

12.  7-6403 

2.  76410 

76418 

76425 

76433 

76440 

76447 

76455 

76462 

76470 

76477 

76485 

76492 

765OO 

76507 

76515 

76522 

76530 

76537 

76544 

76552 

76559 

76.567 

76574 

763S2 

76589 

76597 

76604 

756ll 

76619 

76626 

76634 

3  76641 

76649 

7t>6<;6 

76664 

76671 

76678 

76686 

76693.. 

76701 

7670S 

76716 

76723 

76730 

7673s 

76745 

76753 

76760 

76767 

76775 

76782 

76790 

76797 

76804 

76812 

76819 

76827 

76834 

76842 

76849 

76856 

76864 

76871 

76879 

76886 

76893 

76901 

76908 

769.16 

76923 

76930 

76938 

76945 

76952 

76960 

76967 

76975 

76982 

76989 

76997 

77004 

77°u 

77019 

77026 

77034 

77041 

77048 

77056 

77063 

77070 

77078 

2.  77085 

2.  77093 

2.  77IOO 

2. 77I©7 

2.  77115 

a*  77122 

2.  77129 

2.  77137 

2.  77144 

2.  77151 

77159 

77166 

77173 

77181 

77188 

77195 

77203 

77210 

77217 

77225 

77232 

77239 

■  77247 

77254 

77261 

77269 

77276 

77283. 

77291 

77298 

77305 

77323 

77320 

77327 

77335 

77342 

77349 

77357 

7364 

77371 

4  77379 

77386 

77393 

77401 

77408 

77415 

77422 

7743° 

77437. 

774-44 

77452 

77459 

77466 

77474 

7748' 

77488 

77495 

775°3’ 

77510 

77517 

77525 

77532 

77539 

77546 

77554 

77561 

77568 

775-70 

77583 

77590 

77597 

77605 

77612 

77619 

77626 

77634 

77641 

7764S 

77656 

77663 

77670 

77677 

77685 

77692 

77699 

77706 

777  '4 

77721 

77723 

77735 

77743 

7775° 

77757 

77764 

77772 

77779 

77786 

77"’93 

77S01- 

77S0S 

2.  77815 

2.  77822 

2. 77830 

2. 77837 

2.  77844 

2. 77851 

2.  77S5S 

2.  77806 

2-  77873 

2.  7/ 8  80 

77887 

77895 

77902 

77909 

779«6 

77924 

77931 

7793s 

77945 

77952 

77960 

,  77967 

77974 

77981 

77988 

77996 

78003 

7S010 

78017 

78024 

78032 

78039 

78046 

78053 

78060 

7S06S 

78075 

780S2 

78089 

7809b 

78104 

78m 

7S118 

7S125 

78132 

7  8 140 

78147 

7S154 

78161 

7S16S 

78175 

78183 

78190 

78197 

78204 

78211 

782 19 

78226 

7S233 

7S2ac 

78247 

78254 

78262 

78269 

78276 

7S2S3 

7S290 

78297 

78305 

7S3  12 

78319 

78326 

78333 

78340 

78347 

78355 

78362 

78369 

7S376 

78385 

78390 

78397 

78405 

78412 

78419 

7842(1 

7S433 

7845.0 

78447 

7s455t 

78/J.62 

78469 

78476 

78483 

78490 

78497 

78504 

78512 

785  m 

781:26  1 

2.  78533 

2.  78540 

2. 73547 

2. 78553 

2.  78561 

2.  78569 

2.  78576 

2.  7S5S3 

2.  78  >90 

2-  7859/ 

78604 

78611 

78618 

7862  5 

78632 

78640 

78047 

78654 

78661 

78668 

78675 

78682 

78689 

78696 

78703 

78711 

7871s 

78725 

7S732 

78739 

78746 

78753 

78760 

78767 

78774 

78781 

7878S 

73796 

78803 

738lC 

78817 

78824 

78831 

78838 

7SS45 

78852 

78859 

7S366 

78SSC 

78887 

78895 

78902 

78909 

78915 

78923 

78930 

78937 

7S944 

78951 

78958 

78965 

78972 

78979 

78986 

7s99i 

79000 

79007 

79014 

7902J  , 

79028 

79036 

79°43 

79050 

79057 

79064 

79071 

79078 

79085 

7QOQ2 

79099 

79106 

79113 

79120 

79127 

79134 

79[4» 

79H8 

79155 

79162 

79169 

79176 

79 '  S3 

79I9° 

79197 

79204 

792 1 1 

792  1  iv 

79^ 

79232 

2.  79239 

2.  79146 

2.  79253 

2.  79260 

2.  79267 

2.  79274 

2.  79281 

2.  792SS 

2-  79295 

2. 79302 

79309 

793  1 6 

79323 

7933c 

79337 

79344 

7935 1 

7935s 

79365 

79372 

79379 

79386 

79393 

79400 

79407 

79414 

79421 

79428 

79435 

79442 

79449 

79456 

79463 

7947° 

79477 

7948'4 

79491 

7949s 

795P4 

79511 

79518 

79525 

79532 

79539 

795+6 

79553 

79500 

79567 

79574 

795S1 

79588 

79595 

79602 

79609 

79616 

79623 

7963c 

79637 

79644 

7965c 

79657 

79664 

79671 

79678 

79685 

79692 

796-9 

797°6 

79713 

7972c 

79727 

79734 

-797+1 

79747 

79754 

79761 

79708 

79775 

797S2 

79789 

79796 

79803 

79810 

79817 

79824 

79830 

79s37 

79844 

79S51 

79838 

79865 

79872 

798/9 

79886 

71)893 

79900 

79906 

799  1 1 

79920 

79927 

2.  79934 

2.  70941 

2.  79948 

2.  79955 

2.  79962 

2.  79968 

2.  79975 

2* 799S2 

2.  799' 9 

2. 79996 

80003 

80010 

80017 

80024 

80030 

80037 

80044 

8005 1 

80058 

80065 

80072 

80079 

80085 

80092 

80099 

8ojo6 

801 1 3 

80120 

80127 

80133 

80140 

80147 

80154 

80161 

80168 

80175 

801S1 

8018S 

S0195 

80202 

80209 

80216 

80223 

80229 

S0236 

80243 

80250 

80257 

80264 

8027c 

80277 

802.84 

80291 

80298 

80305 

80312 

8031S 

80^21; 

80332 

803  5c. 

80346 

80352 

80359 

80566 

80373 

80380 

80587 

80393 

80400 

80407 

80414 

80421 

80428 

80434 

8  044 1 

8c44S 

80455 

80462 

8046S 

80473 

80482 

804S9 

80496 

80,502 

80509 

80516 

S0523 

3-s 

80536 

8054. 

80550 

80-3  7 

80362 

80-70 

80577 

?o;8i 

K  ’CQ 

80508 

8060 

8c6 1 1 

A  Table  of  Logarithms  from  i  to  io.coo. 


No. 

O 

I 

2 

3 

4 

5 

6 

7 

8 

9 

04& 

2.  80618 

2.  8062  5 

2.  30632 

2.  8o6j8 

2.  8:645 

2. 80652 

2.  80659 

2. 80665 

2. 80672 

2.  8067 

641 

80686 

80693 

80699 

80706 

80713 

80720 

80726 

80733 

80740 

8074 

642 

83753 

8076c 

80767 

S0774 

80781 

80787 

80794 

80801 

80807 

8081 

64- 

80821 

80828 

80835 

80841 

80S48 

80855 

8c862 

80868 

80875 

8088 

644 

80889 

80895 

80902 

80909 

80915 

80922 

80929 

80936 

80942 

8oq4 

645 

80956 

80967 

80969 

80976 

80983 

S0990 

80996 

81003 

8 1010 

8101 

646 

81023 

81030 

81037 

81043 

81050 

81057 

81064 

81070 

81077 

8108 

647 

81090 

81097 

81104 

81111 

81117 

81124 

81131 

81137 

81144 

8115 

648 

81:57 

81164 

81171 

81178 

81184 

81191 

81198 

81204 

81211 

S121 

649 

81224 

81231 

81238 

81244 

81251 

81258 

81265 

81271 

81278 

8128 

630 

2.  81291 

2.  81298 

2. 81305 

2.  81311 

2.81318 

2. 81325 

2.  81331 

2.81338 

2.  81345 

2.  8135 

651 

8135S 

81365 

81371 

81378 

81385 

81391 

81398 

81405 

8141 1 

8141 

652 

8 1425 

81431 

81438 

81445 

81451 

81458 

81465 

81471 

81478 

S14S 

653 

81491 

81498 

81505 

81511 

81518 

81525 

81531 

81538 

81544 

8155 

6  54 

81558 

81564 

81571 

81578 

81584 

8(591 

81598 

81604 

S1611 

8161 

655 

S1624 

81631 

81637 

81644 

81651 

81657 

81664 

81670 

81677 

816S 

656 

81690 

81697 

81704 

81710 

81717 

81723 

81730 

81737 

81743 

8175 

b5i 

8:756 

81763 

81770 

81776 

81733 

81790 

81796 

81803 

81809 

8181 

658 

81823 

81829 

81836 

81842 

8184Q 

81856 

81862 

81869 

81875 

818S 

059 

81888 

81895 

81902 

81908 

81915 

81921 

81928 

81935 

81941 

S194 

66c 

2.  81954 

2.  81961 

2. 81967 

2.  81974 

-•  8 1981 

2. 81987 

2. 81994 

2.  82000 

2.  S2007 

2.  8201 

66i 

82020 

82027 

82033 

82040 

82046 

82053 

82059 

82066 

82073 

8207 

662 

82086 

82092 

82099 

82105 

821 12 

82119 

S2I25 

82132 

82138 

8214 

663 

82151 

82158 

82164 

82171 

82177 

82184 

82191 

82197 

82204 

8221 

664 

82217 

82223 

82230 

82236 

82543 

82249 

82256 

82263 

82269 

822- 

665 

82282 

82289 

82295 

82302 

S2308 

82315 

82321 

82328 

82334 

8*34 

666 

82347 

5*354 

82360 

82367 

82373 

82380 

82386 

82393 

82400 

8240 

667 

82413 

82419 

82426 

82432 

S2439 

82445 

82452 

824:8 

82464 

8247 

668 

82478 

82484 

82491 

82497 

82504 

82510 

82517 

82523 

82530 

82  33 

660 

82543 

82549 

82556 

82  :62 

82:69 

8*575 

82581 

82588 

82594 

826c 

670 

2.  82607 

2.  82614 

2. 8262c 

2.  82627 

2.  82633 

i.  82640 

2.  82646 

2.  826:: 

2.  82659 

2. 8266 

671 

82672 

82679 

82685 

82692 

8269S 

82705 

827II 

82717 

S2724 

8273 

672 

82737 

82743 

82750 

827:6 

82763 

82769 

82776 

82782 

82789 

•  8-79 

673 

82801 

82808 

82S14 

82821 

82827 

82834 

82S4O 

82847 

82853 

8285 

674 

82866 

82872 

82879 

82885 

82892 

82898 

8290: 

82911 

82917 

S292 

675 

8293O 

82937 

82943 

829:0 

829 :6 

82962 

82969 

82975 

8298(2 

829S 

676 

82995 

83001 

83007 

83014 

83020 

83027 

83033 

83040 

8:046 

8:0: 

677 

8  3059 

83065 

8  3072 

83078 

83034 

83091 

83C97 

83104 

83110 

8311 

678 

83123 

83129 

83136 

83142 

83149 

83»55 

83161 

83168 

83174 

8318 

679 

83187 

83193 

83200 

83206 

83212 

83219 

83225 

83232 

8:238 

S325 

680 

2.  83251 

2.  83257 

2.  83264 

2. 83270 

2.  83176 

2.83283 

2.  832S9 

2.  83296 

2.  S3302 

2.833c 

6Si 

s33*5 

83321 

83327 

83334 

S3  34c 

S3  347 

83353 

83359 

8:366 

8337 

682 

8337? 

83385 

83391 

83397 

83404 

83410 

S34I7I 

834*3 

85429 

8343 

683 

83442 

83448 

83455 

8346: 

83467 

83474 

83480 

83487 

83493 

8349 

684 

83  306 

83512 

83518 

s35*5 

s353-' 

S3537 

83544 

83550 

83556 

8356 

683 

83:69 

83575 

83582 

83588 

83594 

83601 

83607 

83613 

83620 

8362 

656 

83632 

83639 

83645 

83651 

83658 

S3664 

83670 

83677 

8:68: 

836s 

687 

83696 

83702 

83708 

83715 

83721 

83727 

83734 

83740 

83746 

S3  75 

688 

**3759 

83765 

83771 

83778 

83784 

8379° 

83797 

8380: 

83809 

8381 

689 

83822 

83S2S 

83834 

83841 

83847 

83853 

83860 

83856 

83872 

83S7 

690 

2.  83885 

2.  83S91 

2.  83897 

2.  83904 

2. 85910 

2.  83916 

2.83923 

2.  83929 

2.  8:q: : 

2*  8394 

691 

83948 

83954 

83960 

83967 

83973 

83979 

S39S5 

83992 

83998 

84OC 

692 

84011 

84017 

84023 

84029 

84036 

84042 

84048 

S4°54 

84061 

8406 

693 

84073 

84080 

84086 

S4092 

S409S 

S410: 

S4III 

84117 

84123 

8413 

694 

84136 

84142 

84148 

84155 

S4161 

84167 

S4I73 

84180 

841S6 

8419 

695 

84198 

84205 

84211 

84217 

84223 

84230 

84236 

84242 

84248 

842: 

696 

8426: 

84267 

84-7  3 

842S0 

842S6 

84292 

8429S 

84305 

84311 

8431 

697 

84323 

84329 

84336 

84342 

■-4343 

84354 

S4361 

84367 

84373 

8437 

698 

84385 

84392 

84393 

84404 

84410 

84417 

844*3 

84429 

84435 

8444 

609 

84448 

84454 

84460 

84466  84473 

84479 

S>4485 

84491 

84497 

8450 

A  Table  of  Logarithms  from  i  to  io.coo. 


No 

O 

I 

2 

3 

4 

5 

6 

7 

8 

9 

700 

2.  84510 

2.  84516- 

2. 84522 

2. 84528 

2. 84535 

2,  8454I 

2.  84547 

2-  34553 

2.  84559 

2.  84566 

701 

84572 

84573 

84584 

84590 

84596 

84602 

84609 

84615 

8462 1 

84627 

702 

84634 

84640 

84646 

84652 

84658 

84665 

8467.I 

84677 

.  84683 

84689 

703 

84695 

84702 

84708 

84714 

847^0 

84726 

®4733 

84739 

84745 

84751 

704 

■  ?4757 

84763 

8477c 

84776 

847S2 

84788 

84794 

84800 

S4807 

84813 

7°< 

848  >9 

8482,5 

84831 

84337 

84843 

84850 

84856 

84862 

8486S 

S4874 

706 

84880 

S4887 

84893 

84899 

84905 

849II 

84917 

84523 

84930 

84936 

7°7 

84942 

S494? 

84954 

84960 

84966 

84973 

84979 

845S5 

84991 

84997 

70S 

85003 

85009 

85016 

,85022 

85028 

■  85034 

85040 

8  5046 

85052 

85058 

709 

85065 

85071 

85077 

85083 

85089 

85095 

85101 

87107 

8  si  14 

S5120 

710 

2.  85126 

2.  85152 

2. 85138 

2. 85144 

2.85150 

2.  85156 

2.  85162 

8  5169 

2.85175 

2.  85181 

7  1 1 

85187 

85193 

85  ’99 

85205 

85211 

85217 

85224 

85230 

85236 

85242 

7r2 

85248 

85254 

85260 

85266 

85272 

85278 

85-85 

85291 

85297 

85303 

'7X3 

85309 

85315 

853- 1 

85327 

35333 

85339 

85345 

85352 

85358 

85364 

7«4 

85370 

S5376 

85382 

85388 

85394 

85400 

85406 

85312 

85418 

85424 

7*5 

8543! 

85437 

85443 

85449 

35455 

85461 

85467 

85473 

85479 

85485 

7r9 

85491 

85497 

85503 

85509 

85516 

85522 

8552S 

8.5534 

85540 

85546 

7*7 

85552 

85558 

85564 

85570 

85576 

85582 

85588 

85594 

85600 

85606 

718 

85612 

83618 

85624 

85631 

85637 

85643 

85649 

85655 

85661 

85667 

7’9 

85673 

85679 

85685 

85691 

85697 

85703 

85709 

85715 

85721 

85727 

720 

2-  85733 

2.  85739 

2.  85745 

2. 85751 

2. 85757 

2.  85763 

2. 85769 

2  85775 

2.  85781 

2-,  85787 

721 

85793 

85799 

85806 

85812 

85818 

85824 

85830 

85836 

85842 

85848 

722 

85854 

85860 

85866 

85872 

85878 

85884 

85890 

85896 

85902 

8590S 

727 

85914 

85320 

85926 

85932- 

85938 

85944 

85950 

85956 

8cq62 

85968 

7S4 

85974 

85980 

85986 

85992 

85998 

86004 

8  6c  10 

86016 

86022 

'86028 

725 

86034 

86040 

86046 

86052 

86058 

86064 

86070 

86076 

86082 

86088 

726 

86094 

86lOO 

86106 

86112 

sens 

86124 

86130 

86135 

86141 

86147 

727 

86153 

86159 

86165 

86171 

86177 

86183 

86189 

86195 

86201 

862C7 

728 

86213 

86219 

86225 

86231 

8623  7 

86243 

86249 

86255 

86261 

86267 

729 

86273 

86279 

862S5 

86291 

86297 

86302 

86308 

86314 

86320 

86326 

7JO 

2-  86332 

2.  86338 

2.  86344 

2. 86350 

2. 86336 

2.  86362 

2.  86368 

2.  86374 

2.  86380 

2.86386 

73 1 

86392 

86398 

86404 

86410 

86413 

86421 

86427 

86433 

8  643  9 

86445 

732 

86451 

86457 

86463 

86469 

86475 

86481 

_  S6487 

86493 

86498 

86504 

733 

&65IO 

86516 

86522 

86528 

86534 

86540 

86546 

86552 

86558 

86564 

734 

86570 

86575 

865S1 

86587 

86593 

86599 

86605 

86611 

86617 

86623 

755 

86629 

86635 

86640 

86646 

86652 

86658 

86664 

86670 

86676 

86682 

736 

86688 

86694 

8670c 

86705 

86711 

86717 

86723 

86729 

86735 

8674I 

737 

86747 

86753 

86758 

86764 

86770 

86776 

86782 

8678S 

86794 

8680O 

738 

868c6 

868ll 

86817 

86823 

86829 

86835 

86841 

86847 

S0S53 

86859 

739 

86864 

86870 

86876 

86882 

85SS8 

86894 

86900 

86qoG 

86911 

86917 

740 

2.  86923 

2.  86929 

2.  86935 

2. 86941 

2.  86947 

2.  86952 

2.  86958 

2.  86964 

2.  86970 

2.  86976 

74 1 

86982 

86988 

,  86993 

86999 

87005 

8/011 

87017 

87025 

87029 

87034 

742 

87040 

87046 

87052 

87058 

87064 

87070 

37<=75 

87081 

S7087 

87093 

743 

87099 

87IO5 

871 1 1 

87116 

87122 

87128 

37134 

87140 

87146 

87151 

744 

87157 

87163 

87169 

87175 

87181 

87186 

87192 

87198 

87204 

87ZIO 

745 

87216 

8722I 

87227 

87233 

87239 

87245 

87251 

87256 

87262 

87268 

746 

8.7274 

87280 

87285 

87291 

87297 

87303 

87309 

87315 

87320 

87326 

747 

87332 

87338 

87344 

87349 

s"355 

87361 

87367 

87373 

87378 

87384 

748 

87300 

87396 

87402 

87408 

87413 

87419 

8  742  5 

87431 

87437 

87442 

749 

87448 

87454 

87460 

87466 

87471 

87477 

87483 

87489 

8/494 

875OO 

75° 

2.  87506 

2.  87512 

2.  87518 

2. 87525 

2. 87529 

37535 

2.87541 

2.  87547 

2.87552 

2.  87558 

75i 

87564 

87570 

87576 

87531 

87587 

3/593 

87599 

87(104 

87610 

87616 

752 

87622 

8763S 

87633 

87639 

87645 

87651 

87656 

87662 

87668 

87674 

753 

87679 

87685 

87691 

87697 

87702 

87708 

87714 

87720 

87726 

87731 

754 

87737 

8/743 

87749 

87754 

87760 

87763 

87772 

87777 

87783 

877^ 

755 

87795 

87800 

87806 

87812 

87818 

87823 

87829 

2/835 

S7841 

87846 

756 

87852 

87858 

87864 

87869 

87875 

S7S81 

87887 

87892 

S7S9S 

87904 

757 

879IO 

87915 

87921 

87927 

87932 

87978 

3  7944 

87950 

87955 

S7961 

75^ 

87967 

87973 

87978 

87984 

87990 

87996 

SSoot 

S8007 

88013 

88018 

7<Q 

88024 

88020 

88036 

88041 

88047 

88052 

88058 

8  064 

SS070 

88076 

J 
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No. 

O 

I 

2 

3 

4 

5 

6 

7 

8 

9 

760 

761 

76a 

;63 

764 
76? 

766 

767 

765 
769 

2.  8?oS: 
88138 
8819; 
88252 
88309 
.  88366 
88423 
88479 
88536 
88:93 

2.  88087 
88144 
88201 
88258 
8S315 
88371 
88428 
8S4S5 
88542 
8S:q3 

2.98093 

88150 

88207 

88264 

SS321 

88377 

88434 

88491 

88547 

88604 

2. 88098 
SS156 
80213 
88269 
80326 
88383 
88440 
88495 

88553 

ss6io 

2.88,04 
0S1&  1 
8S213 

88275 

88332 

88389 

88445 

8S5O2 

88559 

88615 

2. 881 10 
88167 
8S224 
88281 
88338 
88394 
88451 
88:08 
88564 
8S621 

2.  8S1 16 
88173 
88230 
88287 
88343 

884CO 
W  457 
885,3 
V  88570 
88626 

2.  88121 
8817a 
88235 
88292 

88349 

88406 

88462 

88519 

88576 

88632 

2.  88127 
88184 
88241 
8329S 
88355 
88411 
88468 
88525 
88581 
88638 

2. 

83i9G 
88247 
88304 
88360 
88417 
88474 
88530 
88587 
88643 i 

77° 

77* 

772 

773 

774 

775 

776 

777 
'778 
779 
-SO 

781 

-82 

-»3 

784 

785 

786 

787 

7oS 
,  789 

2. 88(149 
S8705 
S8-762 
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2.  Q6407!2.  964J2 

2.  96416 

2. 96421 

921 

96426 

96431 

9643  5 

96440 

96445 

96449 

96454 

96459 

96464 

96568 

922 

96473 

96478 

904S2 

S64S7 

96492 

96497 

96501 

96506 

96511 

96515 

9-3 

96520 

96525 

96530 

06534 

96539 

96544 

96548 

96553 

96558 

06562 

924 

96567 

96572 

96577 

9658 1 

06  -S6 

96591 

9649: 

96600 

96605 

06600 

923 

96614 

96619 

96624 

96628 

96633 

9663S 

96642 

96647 

96651 

9C656 

920 

96661 

06666 

96670 

96675 

96680 

96684 

966S9 

96694 

96699 

06702 

9*7 

9670S 

96713 

96717 

96-22 

96727 

96731 

06772 

96741 

96745 

96759 

928 

96:55 

96759 

967OJ 

96769 

96773 

96778 

967831 

96787 

96792 

96797 

929 

96SC2 

96806 

96S1 1 

9  S 1 6 

96S20 

96S25 

96830] 

96834 

96S39 

96844 

93° 

2.  96848 

2.  96853 

2.  96S5S 

2.  96S62 

2.  96867 

2.  96872 

2. 96876 

968  Si 

2.  96886 

2.  o68qo 

93i 

96895 

96900 

06004 

96909 

969'4 

96918 

96923 

06028 

96932 

9r9'J 

932 

96942 

96946 

96951 

96956 

96960 

96965 

96969 

96974: 

96979 

96983 

933 

969S8 

96993 

96997 

97002 

97007 

97011 

97016 

97021! 

97025 

97030 

934 

97035 

97039 

97044 

9/049 

97057 

■  9705s 

97062 

97067 

97072 

970-6 

935 

97CS1 

970S6 

97090 

97-95 

97  ice 

97104 

07109 

97'i4| 

97118 

97123 

930 

07128 

97  1 3“ 

97137 

97Hi 

97146 

97*5' 

97*55 

97i6cj 

97165 

97169) 

937 

97*74 

97'79 

97183 

97188 

97192 

97197 

97202] 

972061 

97211 

9“2 1 6 

‘  93s 

97220 

97^51 

97229 

97234 

97239 

97243 

97248 

97253 

97257 

97262 

■939 

97267 1 

97271’ 

97276 

97280 

91285 

9^290 

972-4 1 

97259: 

973=3 

9730c 

A  Table  of  Logarithms  from  I  to  10,000. 


i:.  1 

O 

I 

2 

3 

4 

5 

6 

7 

8 

9 

140 

2.  97313 

2.973x7 

2.  97322 

2.  97326 

2. 97331 

2.97336 

2.  97340 

2-97345 

2.97350 

2-  97354 

I4J 

97359 

97364 

97308 

97373 

97377 

97382 

97387 

9739i 

97396 

97400 

)42 

974°5 

97410 

974T4 

97419 

97423 

9743s 

97433 

97437 

97442 

97447 

43 

97451 

97456 

97460 

97465 

9747° 

97474 

97479 

97483 

97488 

97492 

44 

97497 

97502 

97506 

97511 

97516 

97520 

97525 

97529 

97534 

97539 

i45 

97543 

97  548 

97552 

97557 

97562 

97566 

97571 

97575 

9758o 

97584 

146 

975s9 

97594 

97598 

97603 

97607 

97612 

97617 

97621 

97626 

97630 

>47 

97635 

97640 

97644 

97649 

97653 

97658 

97662 

9766^ 

97672 

97676 

)4» 

97681 

97685 

97690 

97694 

97699 

97704 

97708 

97713 

97717 

97722 

J49 

97727 

97731 

97736 

97740 

97745 

97749 

97754 

97759 

97763 

97768 

>5° 

2.  97772 

2.97777 

2.  97781 

2.  97786 

2.  97791 

2.97795 

2.  97800 

2.  97804 

2.  97809 

2.97813 

97818 

97823 

97827 

97832 

97836 

97841 

97845 

97850 

97855 

97859 

35- 

97864 

97868 

97873 

97877 

97882 

97886 

97891 

97896 

97900 

97905 

353 

979°9 

979H 

97918 

97923 

97927 

97932 

97937 

97941 

97946 

979  5° 

354 

97955 

97959 

97964 

97968 

97973 

97978 

97982 

97987 

97991 

97996 

955 

98000 

9S005 

98009 

98014 

98018 

98023 

98028 

98032 

98037 

98042 

456 

98046 

98050 

98055 

98059 

98064 

98068 

98073 

98078 

98082 

98087 

957 

98091 

98096 

98100 

98105 

98109 

98114 

98118 

98  123 

98127 

98132 

95S 

98x36 

98141 

Q814.6 

98150 

98155 

98x59 

98164 

98168 

98173 

98177 

359 

98182 

98186 

98191 

98195 

98200 

98204 

98209 

98213 

9821s 

98223 

C)6C 

2.  98227 

2.  98232 

2.  q82i6 

2.98241 

2.  98245 

2.  982  50 

2.  98254 

2.  98259 

2. 98263 

2.  9S268 

961 

98272 

98277 

98281 

98286 

98290 

98295 

98299 

98304 

98308 

98313 

962 

98317 

9S322 

98326 

98331 

98336 

98340 

98345 

98349 

98354 

98358 

963 

98363 

98367 

98372 

98376 

98381 

98385 

98389 

98394 

98399 

984°3 

964 

98408 

98412 

98417 

98421 

98426 

98430 

98435 

98439 

98444 

98448 

965 

9S453 

98457 

98462 

98466 

98471 

98475 

98480 

98484 

98489 

98493 

966 

9849S 

9S502 

98507 

98511 

98516 

98520 

98525 

98529 

98534 

98538 

967 

98543 

98547 

9S552 

98556 

98561 

98565 

98570 

98574 

98579 

98583. 

968 

98587 

98592 

98596 

98601 

98605 

98610 

98614 

98619 

98622 

98628 

9b9 

98632 

98637 

98641 

98646 

98650 

9865; 

98659 

98664 

98668 

98673. 

970 

2.  98677 

2.  98682 

2. 98686 

2.98691 

2.  98695 

2. 98699 

2.  98704 

2.  98708 

2.98713 

2.  98717 

971 

98722 

98726 

98731 

98735 

98740 

98744 

98749 

98753 

98758 

98762 

972 

93767 

98771 

98776 

08780 

98784 

98789 

98793 

9879S 

98802 

98807 

973 

98811 

98816 

98820 

98825 

98829 

98834 

98838 

98842 

98847 

qS8<;i 

974 

98S56 

98860 

qS86  5 

9S869 

98874 

98878 

9S883 

98887 

98891 

98896 

975 

9S900 

98905 

qSqoq 

98914 

98918 

98923 

98927 

98932 

98936 

QSqAO 

97 6 

9S945 

98949 

98954 

98958 

98963 

98967 

98972 

98976 

98981 

98915 

977 

98989 

98994 

qSqq8 

99003 

990C7 

99012 

99016 

99021 

99025 

99029 

97S 

99034 

99038 

99043 

99047 

99052 

99056 

99060 

99065 

99069 

99074 

979 

99078 

99083 

99087 

99092 

9OOO6 

99IOO 

99 1 0  5 

99109 

99114 

99118 

980 

2.  99123 

2.  QC)  127 

2.99131 

2.  99136 

2.  99140 

2.  99145 

2.  99149 

2.  99154 

2. 99158 

2.  99162 

981 

99167 

99171 

99176 

99180 

99185 

99189 

99193 

99198 

99202 

99207 

982 

9921  I 

99216 

QQ220 

99224 

QQ22Q 

99233 

99233 

99242j 

99246 

99253 

983 

99255 

99259 

99264 

99269 

99273 

99277 

99282 

9S2S6 

99291 

99295  ’ 

9S4 

99299 

99304 

99308 

993 1 3 

993 1 7 

99322 

99326 

9933° 

99335 

99339 

985 

99344 

99348 

993  52 

99357 

99361 

99366 

99370 

99374 

99379 

99383 

986 

99388 

99392 

99396 

99401 

99405 

99410 

99414 

994 1 8 

99423 

99427 

9S7 

99437 

99436 

99440 

99445 

99449 

99454 

99458 

99462 

99467 

99471 

988 

99476 

99480 

99484 

99489 

99493 

99498 

99502 

99506 

99511 

99515 

989 

99520 

99524 

99528 

99533 

99537 

99542 

99546 

99  3  5° 

99555 

99559 

990 

2-  99563 

2- 99568 

2.  99572 

2.99577 

2.  99581 

2.  99585 

2.  99590 

2.  99594 

2. 99590 

2.  99607 

991 

99607 

99612 

99616 

99620 

99625 

99629 

99634 

99638 

99642 

99647 

992 

99651 

99655 

99660 

99664 

99669 

99673 

99677 

99682 

996S6 

qq6qo 

993 

99695 

99699 

99704 

99708 

997 r2 

99717 

99721 

99725. 

99730 

99734 

994 

99739 

99743 

99747 

99752 

99756 

99760 

99765 

99769 

99774 

99778 

995 

99782 

997*7 

99791 

99795 

99800 

O9804 

99808 

99813 

99817 

99822 

99'° 

99826 

99830 

99835 

99839 

99843 

99848 

99852 

90856 

qq86i 

9985i; 

997 

99869 

99874 

99878 

99883 

998S7 

99891 

99896 

99900 

99904 

999°?} 

998 

999 1 3 

99917 

99922 

99926 

99930 

99935 

99939 

99943 

99948 

99952j 

nQQ 

90956 

99961 

9096c 

99Q7T 

09974 

90978 

99983 

99987 

99996! 

A  Table  of  Artificial  Sines,  Tan",  and  Sec.  o  Decrees. 

°  O 


M. 

Sine. 

Co-fine. 

T;i  nr. 

I  Co-tang. 

)  Secant. 

Co-l.Cint. 

1 

O 

0.  OGOCO 

IO.  OOOOO 

C.  OOOOO 

Inhnile, 

IO.  oooco 

Infinite. 

bo 

I 

5. 46372 

.  OOGOO 

6.  46373 

13.  53027 

10.  OOOOO 

33-  53627 

59 

2 

76476 

cccco 

76476 

23524 

OOOOO 

23524 

58 

3 

94085 

OGOCO 

94085 

05915 

cooco 

05915 

57 

4 

7.  06579 

OCOCO 

7. 06579 

12.  93421 

OOOOO 

12-  93421 

56 

5 

16270 

OGOCO 

16270 

83730 

OOOOO 

83730 

55 

6 

24188 

oooco 

j  24188 

75S»2 

coooo 

75812 

54 

7 

30882 

oocoo 

30882 

•69117 

OJOCO 

69114 

53 

8 

36682 

CCCOD 

36682 

63318 

OOCOO 

63318 

51 

9 

41797 

OOOOO 

41797 

5S203 

oocoo 

5*203 

51 

IO 

46373 

OOOOO 

46373 

53627 

coooo 

53627 

50 

I  I 

7.  50512 

10.  COCOO 

7-  52534 

12.  49488 

•  IO.  OOOOO 

12-  49  }88 

49 

12 

54291 

OOCOO 

54291 

45709 

COCOO 

45704 

48 

13 

57767 

oocoo 

57767 

42233 

cooco 

42233 

47 

62985 

OOOOO 

60936 

39014 

coooo 

3901 5 

46 

!5 

63982 

OOOOO 

63982 

36018 

coooo 

36018 

45 

16 

66784 

OCOCO 

667S5 

33215 

COCOO 

352(6 

44 

17 

69417 

9. 99909 

69418 

3°5»* 

COOOO 

30583 

43 

l8 

719OO 

99999 

71900 

28100 

COCCI 

28100 

42 

19 

7424s 

99999 

74248 

25-52 

COOCI 

2^732 

4r 

20 

76475 

99999 

76476 

23524 

coooi 

23525 

40 

21 

2. 7S594 

9.99999 

7-  78595 

12.  2I405 

IC*  OCOOI 

12.  2T4Ct> 

39 

22 

80615 

99S99 

80615 

19385 

COCO  I 

19385 

38 

23 

82545 

99999 

82546 

17454 

COCCI 

1745c 

37  1 

24 

84393 

99999 

84394 

15605 

cooor 

15607 

36 

25 

86l6b 

99999 

S6167 

33833 

0000 1 

i?S -A 

3  5 

26 

87869 

99999 

87871 

12129 

GCOOI 

12  f  30 

34 

27 

89508 

99999 

89510 

10490 

ccooi 

10491 

28 

9 1088 

99999 

91089 

o3gti 

oocoi 

OS0I2 

22 

29 

92612 

95999 

92613 

07387 

00002 

073S8 

31  1 

30 

94084 

99999 

94086 

059:4 

00002 

059:6 

20  ! 

31 

7.  95508 

9.  99998 

7.95510 

12.  04490 

IO.  COC02 

12. 04402 

20  i 

32 

96SS7 

-  9999S 

96889 

03111 

OCOC2 

031 13 

28 

33 

9S223 

9999s 

98225 

c,775 

OCC02 

03777 

27 

34 

99520 

9999s 

99522 

00478 

00002 

00480 

26 

55 

8. 00779 

9999s 

8. 00781 

1 1.  99219 

00002 

1 1.  09221 

2C 

30 

02002 

99998 

02004 

9:996 

00002 

97998 

24 

37 

03192 

99997 

03194 

96S05 

coco  3 

96S0S 

23 

38 

04350 

99997 

043''3 

95647 

00003 

55650 

22 

39 

054-8 

99997 

05481 

94519 

OC003 

94522 

2  I 

40 

06578 

9-997 

0658 1 

9;4>9 

COC03 

93422 

20 

41 

8.  07650 

9.  99997 

8.  07653 

11-92347 

xo*  00003 

II.  92350 

>9 

4- 

0S696 

99997 

08700 

91300 

00003 

91304 

is 

43 

0971S 

99997 

09722 

90278 

00003 

90282 

17 

44 

10717 

99996 

10720 

892S0 

00004 

89283 

16 

45 

11693 

99996 

11696 

8S304 

Cocoa 

88307 

I  c 

4° 

*2647 

99996 

12650 

s7349 

00004 

87753 

14 

47 

13581 

99996 

33585 

8641 5 

00004 

86419 

13 

48 

14495 

99996 

14500 

85300 

00  c  04 

85505 

12 

49 

i?39i 

99996 

>5395 

84605 

CCOC4 

S4609 

1 1 

5° 

1626S 

99395 

16273 

83727 

0000  3 

83732 

10 

51 

8. 17128 

9-  99995 

8-  37133 

11.  82867 

10.  00005 

1 1.  S2872 

9 

5* 

I797I 

99995 

17976 

82024 

C0005 

82029 

8 

53 

18798 

99995 

1SS04 

81196 

00005 

81202 

7 

54 

19610 

99995 

19616 

S0384 

00005 

80:90 

6 

55 

20407 

99994 

2O4I3 

79587 

OOOOO 

79593 

5 

5^ 

21189 

99994 

21195 

78805 

00206 

78811 

4 

57 

21958 

99994 

21964 

78036 

00006 

78042 

3 

58 

22713 

99994 

22719 

772S0 

CC006 

77206 

2 

59 

23456 

99994 

23462 

76538 

C0006 

76544 

I 

60 

24185 

99993 

24192 

75808 

00006 

73814 

0 

Co  fine. 

Sine. 

Co-tan. 

Taneent. 

Co-fc-cant.  | 

Secant. 

M.  i 

89  Debtees. 


A  Table  of  Artificial  Sines,  Tang,  and  Sec.  r  Degree. 


i  M. 

Sine. 

Co-fine. 

Tang. 

Co -tang. 

Secant. 

Co-lecant. 

1 

o 

1 

2 

3 

4 

5 

6 

7 

8 

9 

8-24185 

24903 

-25G09 

26304 

2698S 

27661 

2S324 

28977 

29621 

30255 

9.  99993 
99993 
99993 
99993 
99992 
99992 
99992 
99992 
99991 
99991 

8.  24192 
24910 
25616 
26311 
26996 
27669 
28332 
28986 
29629 
30263 

1 1.  75808 
75c9° 
74383 
73688 
73004 
72331 
71668 
71014 
70371. 
69737 

IO.  00007 
00007 
00007 
00007 
00007 
00008 
00008 
00008 
00008 
00009 

II.  75814 
75°97 
7439* 
73696 
73012 
72339 
71676 
71023 
70379 
69745 

60 

59 

58 

5  7 

56 

55 

54 

53 

S2 

5* 

50 

49 

48 

47 

46 

45 

44 

43 

42 

41 

10 

1 1 

11 

*3 

*4 

*5 

16 

17 

18 

19 

8.  30879 

3*495 

32103 

32702 

33292 

33875 

3445° 

35018 

35578 

36131 

9.  99991 
99990 
99990 
99990 
9999° 
99999 
99999 
99999 
99999 
99998 

8.  30888 

3*505 

32112 

32711 

33302 

33886 

34461 

3  5°  z9 
35589 
36143 

11.  691 12 
68495 
67888 
67289 
66697 
66114 

65539 

64971 

64410 

63857 

IQ.  OOO09 
OOO09 
OOOO9 
COOIO 

OOOIO 

OOOIO 

OOOI I 

OOOI I 

OOOI  I 

000 1 1 

11.  69121 

68  505 
67897 
67298 
66708 
»  66125 

65550 
64982 
64422 
63868 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

8.  36678 
37217 
3775° 

38276 

38796 

39310 

39818 

40320 

40816 

4i307 

9.  99988 
99988 
99988 
99987 

99987 

99987 

99986 

9998s 

99986 

99985 

8.  36689 
37229 
37762 
38289 
38809 
39323 
39831 
40334 
40830 
4*321 

11.  61110 

6277* 

62238 

61711 

61191 

60677 

6016s 

59666 

59170 

58679 

IO.  00012 

oca  12 

00012 
00013 
00013 
00013 
00014 
coo  1 4 
000 14 
qooi  5 

11.  67322 
62783 
62250 
61724 
61204 
60690 
60182 
59680 
59184 
58693 

4° 

39 

38 

37  • 
36 

35 

34 

33 

32 

3 1 

30 

3 1 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

49 

8.  41792 
42272 
42746 
43216 
43680 
44139 

44594 

45044 

45489 

4593° 

8.  46366 
46798 
47226 
47650 
48069 
484S5 
48896 
49304 
40708 
50108 

9.  99985 

99985 

99984 

99984 

99984 

99983 

99983 

99983 

99982 

99982 

9.  99982 
9998i 
99^81 
99980 
93980 
95980 
99979 
99979 
99979' 
99978 

8.  41807 
42287 
42762 

4323* 

43696 

44156 

44611 

45061 

455°7 

45948 

8-  46385 

46817 

47245 

47669 

48089 

48505 

4s9i7 

49325 

4S729 

50130 

n.58193 

57713 

57238 

56768 

56304 

55844 

55389 

54939 

54493 

54052 

10.  00015 
00015 
000  j  6 
OC0I6 

00016 
00017 
000 17 
00017 
00038 
00018 

11.  58208 
57728 

57254 

56784 

56320 

55861 

55406 

54956 

54510 

54070 

3° 

29 

28 

27 

26 

2S 

24 

23 

22 

21 

11. 53615 

53*83 

52755 

52331 

5*9*1 

51495 

51081 

5°S.75 

50271 

49870 

10.  00018 
00019 
00019 
0001 9 
00020 

00020 

0002  1 

00021 

00021 

0002  2 

11.53633 

53201 

52774 

52350 

5*93* 

5*5*5 

51*04 

50696 

50292 

49892 

20 

19 

18 

17 

16 

*5 

*4  * 
*3 

12 

1 1 

5° 

51 

52 

53 

54 

55 

56 

57 

58 

59 

60 

t  — - - - 

8.  50504 
50897 
51287 
51673 
52055 
52434 
528ro 

53*83 

53552 

539*9 

54282 

9.99978 

99977 

99977 

99976 

99976 

99976 

99975 

99975 

99974 

99974 

99973 

8-  50527 
50920 
51310 
5*696 
52079 
52459 
52835 
53208 
53578 
53945 
54308 

XI.  49473 
49080 
48690 
48304 
47921 
47541 
47165 
46792 
46422 
46055 
45692 

10.  00022 
00023 
00023 
OOC23 
00024 
C0024 
00025 
C0025 
00026 
00026 
00026 

11.49495 

49 103 
48713 

48328 
47945 
47566 
47190 
46817 
46448 
4608 1 
4*1718 

IO 

6 

8  ■ 

7 

6 

5 

4 

3 

2 

1 

0 

i 

Co  fine. 

Sine. 

Co-tang. 

Tangent.  - 

Co  -  fee  a  n . 

Sicant. 

M. 

28  Degrees, 


A  Table  of  Artifical  Sines,  Tang,  and  Sec.  2  Degrees. 


M. 

Sine. 

Co-fine. 

O 

8.  54282 

9-  99973 

I 

54642 

99973 

2 

54999 

99973 

3 

55354 

99972 

4 

557°5 

99972 

5 

56054 

99971 

6 

56400 

9997* 

7 

56743 

99970 

8 

57084 

99970 

9 

57421 

99970 

IO 

8-57757 

9.  99969 

1 1 

58089 

99968 

12 

58419 

99968 

*3 

58747 

99967 

*4 

59072 

99967 

*5 

59395 

99966 

l6 

597*5 

99966 

*7 

60033 

99965 

18 

60349 

99965 

*9 

60662 

99964 

20 

8.  60973 

9.  99964 

21 

61282 

99963 

22 

6i^8q 

99963 

23 

61894 

99962 

24 

62196 

99962 

25 

62496 

99961 

26 

62795 

99961 

27 

63091 

99960 

28 

63385 

99960 

29 

63678 

999,59 

3° 

8.63968 

9.  99959 

3* 

64256 

99958 

32 

64543 

99957 

33 

64827 

99957 

34 

65110 

99956 

35 

65391 

99956 

36 

65670 

99955 

37 

65947 

99955 

38 

66223 

99954 

39 

66497 

99953 

40 

8.  66769 

9-99953 

4* 

67039 

99952 

42 

6730S 

99951 

43 

67575 

9995* 

44 

67840 

9995* 

45 

68104 

99950 

46 

68366 

59949 

47 

68627 

99949 

48 

68886 

9994S 

49 

69*44 

99947 

so 

8.  69400 

9-  99947 

5* 

69654 

99046 

5* 

60907 

99946 

53 

70159 

99945 

54 

70409 

9S944 

55 

70658 

99944 

56 

70905 

99943 

57 

7115* 

99542 

58 

7*395 

99942 

59 

71638 

99941 

60 

71880 

9O94O 

Co  fine. 

Sine. 

Tang. 

g.  543C9 
54669 
55027 
SS382 
55734 
56083 
56429 

56773 

57II4 

S7452 

8.  57788 
58121 

5845 * 

58779 

59i°5 

59428 

59749 
60068 
60384 
60698 
8.  61009 
61319 
61626 
61931 
62234 

62535 

62834 

63132 

63426 

63718 


8.  64009 
64298 
64585 
64870 
65154 

65435 
65715 
65993 
66269 
66343 
8.  668 1 6 
67087 
67356 
67624 
67890 
68154 
68417 
68678 
68938 
69169 

8.  69453 
69708 
69962 
70214 
70465 

7°7*4 

70962 

7120S 

7*453 

71697 

71940 

Co- tans. 


Co-tang. 


11.  45692 
4533* 
44973 
44618 
44266 
4-39*7 
4357* 
43227 
42S86 

42^48 
11.  42212 
4*879 
4*549 
4 1 22 1 
40895 
40572 
40251 
39?32 

39616 

"9302 


1 1.  38991 
38681 
38374 
3S069 
37766 
37465 

37166 

36869 

36574 

36281 

11.35991 

35’02 

354*5 

35*3° 

34846 

34565 

34285 

34007 

3373* 

_ 33457 

11.  33184 

3-9*  3 
32644 

323"6 

321  IO 

3iS46 

3*583 

31322 

31062 

30804 

11.  30547 
30292 
30038 
207S6 

29535 

29286 

29038 

2S792 

28546 

2S303 

28060 

T^neent. 


Secant.  1  Co-ftcant* 


IO.  00026 
00027 
COO27 
CO028 
CCO28 
OOO29 
00029 
00030 
COO30 
OC030 

IO.  C003I 
00031 
00032 
00032 
OC033 
OOC33 

00034 

00034 

COC35 

00035 

10.  00036 
00036 
00037 
00038 
00038 
00039 
OC039 
OC040 
00040 
00040 

IO.  00041 
C0042 
00042 
00043 
C0044 
00044 
C0045 
C0045 
00046 
C0046 

IO.  OCO47 
OOC48 
OCC48 
<?cc49 
00049 
00050 
00051 
00051 
00052 
00052 

TC.  CCO53 
OOO54 
00054 

OCO55 

COO56 

OOO56 

CCO57 

OOO58 

OOO58 

OOO59 

CC060 

Co-lecant. 


Secant. 


87  Degrees, 


A  Table  of  Artificial  Sines,  Tang,  and  Sec.  3  Degree. 


M. 

Sine. 

Co-line. 

Tang. 

Co-tang. 

Secant. 

Cn-iecant. 

0 

1 

2 

3 

4 

5 

6 

7 

8 

Q 

ID 

1 1 

12 

13 

!4 

15 

16 

17 

18 

19 

8.  71880 
72120 
72359 
72597 
72834 
73069 
733<>3 
73  535 
73767 
73997 

8.  74226 

74454 

74680 

749°5 
75*3° 
75353 
75575 
'  75795 
76015 
76234 

9.  99940 
99940 

99939 

99938 

99938 

99937 

99936 

99936 

99935 

99934 

9.  99934 

99933 

99932 

99931 

99931 

99930 

99929 

99929 

99928 

99927 

8.  71940 
72281 
72420 
72659 
72896 
73132 
73366 
73600 
73832 
74°6j 

8.  74292 
74521 
747  i 8 
74974 
75*99 
75423 
75645 
75867 
76087 
76306 

8.  76525 
76742 
76958 
77*73 
77387 
77599 
778* 1 
78022 

78253 

78441 

II.  2S0&0 
27819 
275S0 
27341 
27104 
26S68 

26634 

26400 

2616S 

25S37 

ii-  25708 
25479 
25252 
25026 
24801 
24577 
24355 
24*33 
23913 
23693 

io.  00059 
ocoC'o 
00061 
00062 
00062 
00063 
00064 
coo  64 
00c  65 
OC065 

io.  00066 
00067 
00068 
00068 
00069 
C0070 
00071 
00071 
00072 
00073 

1  j.  28  120 

27880 

27640 

27403 

27166 

26931 

26697 

26465 

26233 

26003 

II.  25774 
25546 
25320 
25094 
24870 
24647 
24425 
24204 
23985 
23766 

60 

59 

58 

57 

56 

55 

54 

53 

52 

51 

5° 

49 

48 

47 

46 

45 

44 

43 

42 

4i 

40 

39 

38 

37 

36 

35 

34 

33 

32 

3i 

30 

29 

28 

27 

26 

25 

24 

23 

22 

21 

20 

21 

V- 

23 

24 

25 

26 

27 

28 

29 

8.  76451 
76667 
76883 
77097 
77310 
77522 

77733 

77943 

78152 

7836c 

9.  99926 
99926 
99925 

99924 

99923 

99923 

99922 

99921 

99920 

99920 

11.  23475 

23258 

23042 

22827 

22613 

22400 

22189 

21978 

22768 

21559 

11.  21351 

2**45 

20939 

20734 

20530 

20327 

20123 

19924 

39723 

19724 

10.  00073 
00074 
00075 
00076 
C0076 
00077 
00078 
CC079 
00079 
00080 

10.  00081 
00082 
00083 
00083 
00084 
00085 
CC086 
0C0S7 
00087 
00088 

n. 23549 
23332 
23117 
22993 
22690 
22478 
22267 
22057 
21848 
21639 
11.  21432 
21226 
21021 
20817 
20614 
20412 
2021 1 

20010 

19811 

19612 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

49 

8.  78567 
78774 
78979 

79^3 
79386 
79588 
79789 
79990 
80189 
80388 
8.  3oe8e 
80782 
80978 

81173 

81367 
81 560 
8175a 
81944 
82134 
82324 

9.  99919 
99918 
999*7 
99917 
99916 

999 1 5 
99914 
99913 
99913 
99912 

8.  78649 
78855 
79061 
79266 
79470 
79673 
79875 
80076 
80276 
80476 
8.  80674 
80872 
8106S 
81264 
81459 

S  !  6  C-2 
81846 
S203S 
82230 
82424 

9-  999 1 1 
99910 
99509 
99909 
99908 

999°7 

99906 

99905 

99904 

99904 

11.  19326 
19128 
18932 
18736 
18541 
18347 
18154 
17962 
17770 

_ *7579 

11. 17390 
17201 
17013 
16825 
16639 

16453 

16268 

16084 

15900 

257*7 

15  536 

i'o.  00099 
00090 
00091 
00091 
00692 
C0093 
00094 
00095 
00096 
00097 
10.  00097 
00098 
00c  9  9 
ocioo 

00101 

00102 

00 102 
00103 

co  1 04 
00105 
00106 

11.  19415 
19218 
19022 
18827 
18633 
18440 
18248 
18056 
17866 

_ 17976 

11.  17487 
17299 

17**2 

16925 

16739 

16554 

16370 

161S7 

16004 

15823 

15642 

20 

19 

18 

17 

16 

*5 

14 

13 

12 

1 1 

10 

6 

8 

7 

6 

5 

4 

3 

2 

1 

0 

5° 

5i 

S* 

53 

54 

55 

56 

57 

58 

1d_ 

8.  82 ei  3 
82701 
82888 
83075 
83261 
83446 
83630 
838.3 
83996 
84177 

84358 

9.  99903 
99902 
95901 
99900 
-  99899 

99898 
99898 
99897 
99896 
-  99895 
99894 

8.  82610 

82799 

82987 

83175 

83361 

83547 

83732 

83916 

84100 

84282 

84464 

Co  line. 

Sine, 

Co-tang. 

Tangent. 

Co-fecan. 

Secant. 

M. 

26  Degrees.  £  \  j 


A  Table  of  Artifical  Sines,  Tang,  and  Sec.  4  Degrees 


M. 

Sine. 

Co-line. 

Tang. 

Co-tang. 

Secant. 

Co- iccant . 

O 

8.  84358 

9.  99894 

8.  S4464 

ii- 15536 

10.  00106 

1 1.  >5642 

60 

I 

84539 

99S93 

84645 

15355 

co ;  07 

15461 

59 

2 

84718 

99892 

84S26 

1 S 1 75 

00108 

1 5282 

58 

2 

84s97 

oqSoi 

85006 

14995 

CO  1 09 

15*03 

57 

4 

8507  5 

99S90 

85185 

14814 

CO  1 09 

14925 

56 

5 

84252 

99890 

85363 

14637 

00!  10 

14743 

55 

6 

S5429 

99889 

85540 

14460 

coni 

*4571 

54 

7 

85605 

99888 

s57i7 

14283 

COI  22 

J439  S 

53 

8 

S57So 

99887 

85893 

14107 

OOII3 

14220 

5* 

9 

859^5 

99886 

86069 

13931 

OOI 14 

14045 

5i 

IO 

8.  86128 

9.  99885 

8.  86243 

ii- 13757 

10.  OOI  1 5 

11.  13872 

50 

X  I 

86301 

99884 

86417 

135*3 

001 16 

13699 

49 

12 

86474 

998S3 

86590 

13409 

OOI  17 

j.3526 

48 

13 

86645 

99SS.2 

86763 

13237 

00118 

*3355 

47 

14 

S6816 

99881 

86935. 

13065 

•  00119 

13183 

46 

xs 

86987 

99880 

87106 

12894 

00120 

130*3 

45 

16 

87156 

99879 

87277 

12723 

00120 

12843 

44 

17 

87325 

99878 

87447 

1*553 

OO 12  I 

12674 

43 

18 

87494 

99878 

87616 

12384 

OO 1 22 

12506 

4* 

19 

87661 

99877 

87785 

I22I5 

OOI23 

i*33* 

4i 

20 

8.  87828 

9.  99S76 

8.  87953 

II.  12047 

10.  00124 

II.  I217I 

40 

21 

87995- 

99875 

88120 

,  11880 

OOI25. 

12005 

39 

22 

88  i6r 

99874 

882S7 

11773 

00  se.6 

11839 

23 

88326 

99873 

88433 

11 547 

OOI27 

11674 

37 

24 

88490 

99872 

88618 

11381 

00128 

*1510 

36 

25 

88654 

99871 

88783 

I  1217 

OOI29 

11346 

35 

26 

8SS17 

99870 

8894S 

11052 

00130 

11183 

34 

2T 

SS980 

9qS6g 

89111 

108S9 

OOI  3  I 

1 1020 

33 

28 

89142 

99868 

89274 

10726 

OOI32 

10858 

3* 

29 

89303 

99867 

89437 

10563 

001 33 

10196 

3' 

3° 

8.  89464 

9.  99866 

8.  8959^ 

11.  10402 

10. 00134 

11. 10536 

30 

31 

89624 

99865 

S9760 

10240 

COI35 

*0375 

29 

32 

897S4 

998% 

89920 

10080 

00136 

10216 

28 

33 

89943 

99863 

90080 

C992O 

00137 

10057 

*7 

34 

90102 

99862 

90240 

09760 

00138 

09898 

26 

35 

90260 

qt)86i 

90399 

09601 

OOI39 

O9740 

*5 

36 

90417 

qqS6o 

90557 

09543 

OOI4O 

09583 

z4 

37 

90574 

99859 

9071.9 

09285 

OOI4I 

09426 

23 

38 

907*30 

99858 

90872 

09128 

OOI42 

O927O 

22 

39 

90885 

9985.7 

97028 

08971 

OOI43 

09115 . 

21 

40 

8.  01 040 

p.  qq8*6 

&  q  1 1 8  5 

11.  08815 

10. 00144 

1 1.  08960 

20 

41 

91195. 

99855' 

91340 

0S660 

OOI45 

0S805 

19 

42 

91349 

99854 

9*495 

0S505 

00146 

08651 

l8 

43 

91  502 

99853 

91649 

08350 

COI47 

08498 

17 

44 

01655 

99852 

91803 

08197 

00148 

08345 

l6 

4^ 

91S07 

99S51 

9*957 

08043 

OOI49 

08193 

*5 

4.6 

9 1 959 

99849 

921 10 

C7S90 

COI5O 

08041 

14 

47 

92IIO 

99848 

92262 

07733 

OO  I  5  I 

07890 

13 

4S 

92261 

99847 

9*5*4 

07586 

00153 

07739 

12 

'49 

9241  I 

99846 

92565 

°743  5 

CO  z  54 

07589 

II 

5° 

8.  Q2561 

9.  99845 

8.  92716 

11.  072S4 

■  TO.  COI55 

11. 07439 

10 

31 

92710 

99844 

92866 

07134 

00156 

O729O 

9 

S 1 

92S59 

99843 

93015 

06984 

COI57 

07141 

8 

S3 

95007 

99842 

93165 

06835 

00158 

00993 

7 

54 

S3T54 

.  99841 

933*3 

06687 

OOI59 

06846 

6 

55 

93501 

99840 

9346* 

0653S 

00160 

06698 

5 

■6 

93448 

09S39 

93609 

06391 

00161 

06552 

4 

57 

93594 

99838 

93756 

06243 

OOI  62 

06406 

3 

53 

93*4° 

99S37 

93903 

06097 

00163 

06260 

59 

93S85 

99S35 

94049 

05951 

coi  64 

06115 

1 

6c 

94030  1 

99834 

94*95 

05805 

00166 

05970 

0 

! 

Co-fine. 

Sine. 

“ 1 

Co- tang.  | 

T  ngent. 

Co-fecant. 

Secant.  J 

M. 

85  Degrees 


A  Table  of  Artificial  Sines,.  Tang,  and  Sec.  5  Degrees. 


M. 

Sine. 

Co-fine. 

Tang. 

Co-tang. 

Secant. 

Co-fecant. 

O 

8.  94030 

9-  99834 

8.  94*95 

II.  05805 

10.  00 j  66 

11.  05670 

60 

I 

94*74 

9983.3 

.94340 

05660 

col  67 

05826 

59 

2 

943*7 

99832 

94485. 

P55*5 

00168 

05683 

s8 

3 

94461 

99831 

94629 

O.537O  . 

00169 

°5539 

57 

4 

94603 

99830 

94773 

05227 l 

CDI70 

<=5397 

5s 

s 

94746 

99829 

:-949*7 

05083 

C0I7J 

05254 

55 

6 

94887 

99828 

95060 

O494O 

.0  Oil  72 . 

°S**3 

54 

7 

95029 

99827 

9^202 

04798 

.00173 

04972 

53 

8 

95*7° 

99825 

95344 

04656 

©0174 

04830 

52 

9 

9S3 10 

99824 

95486 

04514 

00176 

04690 

S* 

IO 

8-  9545° 

9.  99823 

8.  95627 

11.04373 

io.  00177 

11.  04550 

5° 

XI 

9559° 

99822 

95767 

042  3  3 

C0178 

O44IO 

49 

12 

95728 

99821 

959°7 

O4O92 

J00179  ‘ 

O4272 

48 

13 

95867 

99820 

96047 

°3953 

00180 

°4*33 

47 

h 

96005 

99819 

96187 

03813 

.00181 

03095 

46 

15 

96143 

99817 

96325 

03674 

00183 

03857 

45 

l6 

962S0 

99816 

96464 

03536 

00184 

.03720 

44 

17 

96417 

99815 

516602 

03398 

00185 

03583 

43 

18 

965  53 

99814 

96739 

03261 

■00186 

,03447 

42 

*9 

96689 

99813 

•96877 

03123 

00187 

03311 

4* 

20 

8.  .96825 

9. .99812 

8.  97013 

11.  02987 

io-  00x88 

11.  03175 

40 

21 

96960 

998x0 

97*5° 

02850 

OOJ9O 

03040  , 

39 

22  • 

•97095 

99809 

97285 ■ 

02714 

OOJ  9 I  • 

O29O5  ' 

38 

23 

972I9 

99808 

9742.1 

02579 

OOI92 

O277I 

37 

24 

97363 

.9980.7 

9755s 

02444 

OOI93 

02637 

36 

25 

97496 

99806 

97691 

O23O9 

co  1 94 

C25C4 

35 

26 

07629 

99804 

97S25 

°2r75 

00196 

•O237O  ' 

34  . 

27 

-97762 

.99803 

979.59 

02041 

00197 

02238 ' 

33 

28 

97-894 

99802 

98092 

01908 

00198 

02106 

32 

29 

98026 

99801 

98225 

01775 

00199 

01974 

3* 

3° 

8.  98157 

9.  99800 

8-  98358 

11.  01642 

10.  00200 

11.01843 

30 

31 

98288 

99798 

98490 

OJ  510 

C0202 

01712 

29 

32 

98419 

9979.7 

98622 

01378 

00203 

01581 

28 

33 

98549 

99796 

987-53 

oii4.7 

00204 

03450 

27 

34 

98679 

99795 

9$  884 

01.1 16  - 

00205 

01321 

26 

35 

98808 

.99793 

.9P015 

00485 

00206 

01 192 

25 

36 

98937 

99792 

99*45 

00855 

00208 

01063 

24 

37 

99066 

9979* 

9.9275 

O.O725 

00209 

00934 

2  3 

38 

99194 

99730 

99404 

00595 

00210 

oo3o6 

22 

39 

99322 

9,788 

99534 

00466 

C02I  I 

00678 

21 

40 

8.  99450 

9.  99787 

8.  99662 

11.  00378 

10.  00213 

11.  00550 

20 

41 

99577 

9.9786 

9979* 

00209 

002  14 

00423 

*9 

42 

99704 

9.9785 

999*9 

0008.1 

OO215 

00296 

18 

43 

99830 

■99-783 

9.  00046 

10-99953 

00216 

00170 

17  - 

44 

99956 

.99782 

00174 

■99826 

00218 

00044 

l6  , 

45 

9.  00082 

99781 

CO3OI 

99699 . 

OO219 

10. 99918 

*5 

46 

00207 

997-8o 

00427 

99573 

00220 

99793 

*4 

47 

.QO332 

99777 

°°5  5  3 

99447 

00222 

99668 

*3 

48 

00456 

99777 

00679 

99321 

0022  3 

99544 

12 

49 

00580 

99776 

00805 

99*95 

00224 

994*9 

II 

5° 

9. OO7O4 

9-  99774 

q.  00930 

10.  99070 

10.  00225 

10. 99296 

IO 

51 

00828 

99773 

01055 

98945 

00227 

99172 

9 

52 

OO95I 

99772 

OI 179 

98821 

00228 

99049 

8 

S3 

.01074 

99771 

0*303 

98697 

00229 

98926 

7 

54 

01196 

,9.9769 

01427 

98573 

OO23I 

98804 

6 

55 

01318 

99.768 

01550 

9845° 

OO232 

9^682 

5 

56 

01440 

£9767 

01673 

98327 

OO233 

98560 

4 

57 

•01561 

99765 

OI?7o6 

98204 

OO234 

98439 

3 

S« 

or682 

09764 

-01918 

98082 

00236 

98318 

2 

59 

01803 

99763 

02040 

97960 

OO237 

98*97 

1 

60 

OIQ23 

99761 

02162 

97878 

OO239 

98076 

0 

Co -fine. 

Sine. 

Co-tang 

1  Tangent. 

Co-fecant. 

Secant. 

M. 

^4  Degrees.  L1aJ 


A  Table  of  Artificial  Sines,  Tang,  and  Sec.  6  Degrees. 


M- 

Sine.  J  Co  fine.  \  Tar  gent. 

Cc-tar.g.  , 

Secants. 

Co-fecant.  | 

[ 

° 

9.  01923 

9.  99761 

9.  02 162 

io-  97838  1 

io-  00239 

10.  98076 

60 

I 

C2043 

99760 

022S3 

97717 

CC240 

97956 

59 

2 

02163 

597  59 

C2404 

97596 

OC25  I 

97837 

5* 

3 

02282 

99757 

C2525 

97475 

00243 

977 1 7 

57 

4 

02402 

99-756 

02645 

97354 

00244  1 

97598 

56 

5 

02520 

99755 

02765 

971.54 

CC245 

97480 

6 

02639 

99753 

02885 

97H5 

00247 

97361 

54 

7 

02757 

9575- 

O3CO5 

96995 

00248 

97244 

53 

8 

02874 

99751 

O3I24 

06S76 

C0249 

97126 

52 

9 

02992 

99749 

C-/242 

96757 

002  50 

97008 

5i 

IO 

9.  03109 

9.  99748 

9-  c336i 

10.  96639 

-10.  06252 

IO.  96891 

1 1 

03226 

99747 

03479 

56521 

002^3 

96774 

49 

12 

03342 

95745 

c3597 

56403 

00255 

96658 

48 

13 

03458 

99744 

03714 

96286 

00256 

96542 

47 

*4 

°3  574 

99  742 

03832 

96168 

00257 

96426 

46 

>5 

03690 

99741 

03948 

96051 

00259 

96310 

45 

l6 

03805 

99740 

04065 

95935 

00260 

96195 

44 

17 

03920 

99738 

04181 

95814 

00262 

96080 

43 

18 

04034 

95737 

04297 

95703 

0026; 

95966 

42 

>9 

04148 

99735 

04413 

95^7 

00264 

9:851 

4i 

20 

9.  04262 

9-  59734 

9. 04528 

10.  93472 

10. 00266 

10.  95737 

40 

21 

04376 

99733 

04643 

95357 

00267 

<5:624 

39 

22 

04489 

99731 

04758 

95242 

00269 

(jr  IO 

3« 

23 

04603 

9973° 

04?  7  3 

95127 

00270 

95367 

37 

24 

04715 

99728 

04587 

95013 

00271 

95285 

36 

25 

04828 

99727 

OjlCI 

94S99 

00273 

95172 

35 

26 

04940 

99726 

O52T4 

94-86 

00274 

95060 

34 

11 

O5O52 

997 :4 

0^:328 

94672 

00276 

94948 

33 

28 

05103 

95723 

05441 

94559 

00277 

94836 

a2 

29 

°5275 

5972-1 

05553 

94447 

00279 

94/25 

31 

30 

9.  05386 

9.  09720 

9.  03666 

ic.  94334 

10. 00280 

10.  94614 

3° 

3' 

05497 

99718 

0577S 

94222 

00281 

94503 

29 

32 

05607 

99717 

OfSgO 

941  ro 

C02S3 

94393 

2S 

33 

05717 

99716 

o^coz 

93998 

00284 

94285 

27 

34 

05827 

99714 

06113 

93SS7 

00286 

94173 

26 

35 

°5937 

99713 

06224 

93776 

00287 

94063 

25 

36 

06046 

997 1 1 

06335 

93665 

60289 

93954 

24 

37 

06155 

99710 

06445 

93555 

00290 

93845 

23 

38 

06264 

99708 

06556 

93444 

00202 

93736 

22 

39 

06372 

99707 

o66f>5 

93334 

00293 

93628 

21 

40 

9.  0648 1 

9-  99705 

9.  06775 

10.  03225 

10.  00295 

10.93519 

20 

4i 

065SS 

99704 

068S5 

93115 

00296 

934H 

19 

42 

06696 

99702 

06994 

93006 

00298 

93304 

18 

43 

06804 

99701 

O7IO3 

92897 

00299 

93196 

17 

44 

06911 

99699 

0721  I 

927S9 

00301 

93089 

l6 

45 

07018 

9969S 

07320 

92680 

OC302 

92982 

15 

46 

07124 

99696 

07428 

92572 

C0304 

92876 

14 

47 

O723O 

99695 

07536 

92464 

00305 

92769 

13 

48 

97337 

99693 

07643 

92357 

00307 

92663 

12 

49 

07442 

99692 

077^0 

92249 

00308 

92558 

I  I 

5° 

9.  07548 

9.  99690 

9. 07S5S 

io.  92142 

10.  00310 

10.  92452 

IO 

5i 

07653 

996S9 

07964 

92036 

00311 

92347 

9 

5* 

07758 

99687 

08071 

91929 

00313 

92242 

8 

53 

07863 

99686 

08177 

91823 

003 14 

92137 

7 

54 

07968 

99684 

08283 

91717 

003 16 

92032 

6 

55 

08072 

99683 

08389 

91611 

C0317 

91928 

5 

56 

0S176 

996S1 

0S495 

91505 

00319 

91824 

4 

57 

08280 

99680 

08601 

91400 

00320 

91720 

58 

08383 

99678 

08705 

91295 

00322 

91617 

0 

59 

08486 

99677 

0SS10 

91190 

00725 

91514 

I 

60 

08:89 

99675' 

08914 

91086 

00525 

91411 

O 

Co-fine. 

Sine. 

Co- tang. 

T  angent. 

Co- fc  cant. 

Secant. 

M.  • 

23  Degrees. 


A  Table  of  Artificial  Sines,  Tang,  and  Sec.  7  Degrees. 


|  M. 

Sine. 

Co- fine. 

Tangent. 

Co-tang. 

Secant. 

Co-iecant. 

O 

9.  08589 

9. 99675 

9.  08914 

10.  91086 

IO.  OO325 

10.  9141 1 

60 

I 

08692 

99673 

09019 

90981 

00326 

91308 

59 

2 

08795 

99672 

09123 

90877 

00328 

91205 

s8 

3 

08897 

99670 

C9227 

90773 

00330 

91103 

57 

4 

08999 

99669 

09339 

90670 

00331 

91001 

56 

5 

09101 

99667 

09433 

90566 

00333 

90899 

55 

6 

09202 

99666 

09537 

90463 

00334 

90798 

54 

7 

09304 

99664 

09640 

90360 

00336 

90696 

53 

8 

09405 

99662 

05742 

902  5S 

00337 

90595 

52 

9 

09506 

99661 

09845 

■90155 

°°3  39 

90494 

51 

10 

9,  09606 

9.  99659 

9.09947 

10.  9°°53 

10. 00341 

10. 90394 

5° 

1 1 

09706 

99658 

IOO49 

89951 

00342 

902.93 

49 

12 

09807 

99656 

30150 

89849 

00344 

90193 

48 

13 

09906 

99655 

10252 

89748 

00345 

qccqd. 

47 

14 

10006 

99653 

20353 

89647 

00347 

89994 

46 

*5 

10106 

99651 

10454 

89546 

00349 

89894 

45 

16 

10205 

99650 

2°555 

89445 

00350 

89795 

44 

*7 

IO3O4 

99648 

10656 

89344 

00^52 

89696 

43 

l8 

10402 

99646 

10756 

89244 

°°353 

89597 

42 

*9 

JO5OI 

99ri45 

10856 

89144 

00355 

89499 

41 

20 

9.  10599 

9.  99643 

g.  I09'56 

10.  89044 

io.  00357 

IO.  89401 

4° 

21 

10697 

99642 

11056 

88944 

00358 

89303 

39 

22 

10795 

99640 

11155 

88845 

00360 

89205 

38 

23 

10893 

99638 

11254 

88746 

00362 

89107 

37 

24 

IO99O 

99037 

J2353 

88647 

00363 

89010 

36 

*5 

11087 

95635 

H4S2 

88548 

00361; 

88qii 

IS 

26 

11184 

99633 

2I551 

88449 

00366 

88816 

34 

27 

11281 

99632 

11649 

88351 

00368 

88719 

13 

28 

11 377 

99630 

11747 

88253 

00370 

88623 

32 

29 

_  1 1474 

09628 

11845 

88  1 55 

00371 

88526 

3> 

30 

9.  1 1570 

9.  99627 

9.  11943 

10.  88057 

10.  00373 

10.  88430 

3° 

31 

1 1 5»6 

99625 

12040 

87960 

00375 

88334 

29 

32 

11761 

99623 

12138 

87S62 

00376 

88239 

,  28 

33 

11857 

99622 

22235 

87765 

00378 

88143 

27 

34 

11952 

99620 

12332 

87668 

00380 

88048 

26 

35 

12047 

99618 

12428 

87572 

00381 

87953 

25 

36 

12142 

99017 

12525 

s7475 

00383 

87858 

24 

37 

12236 

996x5 

12621 

87379 

OO385 

87764 

23 

38 

12331 

99613 

1271; 

87283 

00387 

S7660 

22 

39 

T -4^  S 

99612 

12813 

87187 

00188 

87575 

21 

40 

9.  12516 

9.  99610 

9. 12009 

10.  87091 

IO.  00390 

10.  87481 

20 

4i 

12612 

99608 

I  3CO4 

86996 

00392 

87387 

19 

42 

12706 

99007 

23099 

86901 

00393 

87294 

18 

43 

12799 

99605 

23194 

86806 

00395 

87201 

17 

44 

12892 

93603 

23289 

86711 

00397 

87107 

16 

45 

12985 

99601 

23384 

86616 

00398 

87015 

15 

46 

13078 

99600 

13478 

•86522 

00400 

86922 

14 

47 

13171 

99598 

*3573 

86427 

00402 

86829 

13 

4S 

I3253 

S9596 

1 3667 

86333 

00404 

86-37 

12 

49 

1 3  3  55 

...99195 

11760 

86239 

00405 

S6645 

11 

5? 

9.  13447 

9-99593 

9.  13854 

10.  86146 

IO.  C0407 

10.  86333 

10 

S' 

23539 

99592 

1394S 

86052 

00409 

86461 

Q 

52 

13630 

99589 

I4O4.I 

85919 

0041 1 

86370 

8 

53 

1  3722 

995SS 

14134 

85866 

00412 

86278 

7 

54 

J38i3 

99586 

14227 

85773 

00414 

86187 

6 

55 

13904 

90584 

14320 

856S0 

00416 

86096 

c 

56 

2  3994 

99582 

I44I2 

85588 

00418 

86006 

4. 

57 

34085 

99581 

14504 

s5496 

00419 

85915 

3 

58 

24*75 

99579 

14596 

85403 

00421 

8  5825 

2 

59 

14265 

99577 

14688 

85311 

00423 

85734 

1 

60 

243^5 

99575 

14780 

85220 

00425 

83645 

0 

Co-fine. 

Sine. 

- - 

Co-tang. 

Tangent. 

Co  fecant. 

Secant. 

M. 

82  Degrees, 


A  Table  of  Artificial  Sines,  Tang,  and  Sec.  8  Degrees. 


M.  | 

Sine. 

Co-finc. 

Tangent. 

Co-tang. 

Secant. 

Co-fecant. 

< 

o 

9-  >43 5S 

9-  99575 

9.  14780 

16.  85220 

10.  00425 

10. 85644 

60  • 

.3 

J4445 

99  573 

14872 

85128 

00426 

85555 

59 

2 

54535 

99S72 

14963 

85037 

00428 

85465 

58  ■ 

3 

14624 

99570 

15054 

84946 

OO43O 

85376 

57 

4 

14714 

99568 

15145 

84855 

C0432 

.  85286 

56 

5 

14803 

99566 

15236 

84764 

00434 

85197 

55 

6 

14891 

99565 

15327 

84673 

00435 

85108 

54 

7 

14980 

99563 

15417 

84583 

00437 

S5020 

53 

8 

l^c6q 

99561 

15508 

8+492 

00459 

84931 

52 

9 

15157 

99  5 '9 

15598 

84402 

00441 

84843 

5' 

10  j 

9.  15245 

9-  99557 

9.  15688 

10.  84312 

10.  00443 

10.  84755 

5° 

i : 

1 5333 

99555 

ism 

84222 

OO444 

84667 

49 

1 2 

15421 

99554 

15867 

*4133 

00-146 

84579 

48 

13 

15508 

99552 

15956 

84043 

00448 

84492 

47 

14 

15596 

995-5° 

16046 

83954 

CO45O 

84404 

46 

17 

14683 

99548 

i6i35 

83865 

00452 

84317 

45 

16 

15770 

9954* 

16224 

83776 

00453 

84230 

44 

17 

i5?57 

99544 

16312 

83688 

00455 

84’43 

43 

iS 

15943 

99543 

16401 

83599 

00457 

84056 

42 

19 

16030 

99541 

16439 

83511 

00459 

83970 

41 

20 

9.  16116 

9-  99539 

q.  i6<;77 

10. 83423 

10.  00461 

10.  83884 

40 

21 

16202 

99537 

16665 

83335 

00463 

83797 

39 

22 

16288 

99535 

16753 

83247 

00465 

83711 

38 

23 

16374 

99533 

16841 

83159 

00467 

83626 

37 

24 

16460 

995  3 2 

16928 

83072 

00468 

83540 

36 

25 

16545 

99530 

17016 

82984 

CO47O 

83455 

35 

26 

16631 

9952-8 

17103 

82897 

C0472 

83369 

34 

27 

16716 

99526 

17189 

82810 

004-4 

X3284 

33 

28 

16801 

99524 

17277 

82723 

00476 

8  3199 

32 

29 

j68S6 

99522 

17363 

82637 

00478 

83'H 

3i 

3° 

9.  16970 

9.  99520 

9.  17450 

10.  82550 

10.  00480 

IO. S3O3O 

3° 

31 

17055 

995r8 

17536 

82464 

00482 

82345 

29  • 

32 

17139 

99516 

17622 

82378 

00483 

82861 

28 

33 

17223 

99515 

17708 

82292 

00485 

82777 

27 

34 

17507 

99513 

17794 

82206 

00487 

82693 

26 

35 

17391 

995ii 

17:  80 

82120 

00489 

82609 

2  5 

36 

17474 

99509 

17965 

82034 

0049  I 

82526 

24 

37 

17558 

99507 

1S05  1 

81949 

C0493 

82442 

23 

33 

17641 

99505 

1S136 

81864 

00495 

82359 

22 

39 

17724 

99503 

18221 

81779 

C0497 

82276 

21  • 

40 

9. 17807 

9-99501 

9.  18306 

10.  81694 

10. 00499 

io.  82193 

20 

41 

/17890 

99499 

18591 

81609 

00501 

82110 

19 

42 

17973 

99497 

18475 

81525 

00503 

82027 

iS  . 

43 

1S055 

99495 

18560 

81440 

00504 

81945 

17 

44 

18137 

99493 

18644 

81356 

oojio 

81863 

16 

43 

1S220 

99492 

1S72S 

S1272 

00508 

81780 

15 

46 

18302 

99490 

18812 

8irSS 

00510 

81698 

14 

47 

18383 

994S8 

18896 

81104 

00312 

81617 

13 

4S 

18465 

99486 

18979 

81021 

00514 

8i535 

12  ■ 

49 

18547 

09484 

19063 

80937 

005 1 6 

81453 

II 

5° 

9.  18628 

Q.  QQ4.82 

q.  iqi4& 

10.  80854 

10.  00518 

19.  81372 

IO 

51 

18709 

99480 

19229 

80771 

OO52O 

81291 

9 

52 

18790 

99478 

I9312 

80688 

00522 

81210 

8 

^3 

1887  1 

99476 

16395 

80605 

00524 

81129 

7 

54 

1S952 

59474 

I947S 

80522 

00526 

81048 

6  • 

19032 

S9472 

16561 

80436 

00528 

80967 

5 

56 

19113 

99470 

19643 

80357 

OO53O 

80SS7 

4 

57 

19193 

■99468 

19725 

80275 

CO532 

80807 

3 

58 

19273 

QQ466 

19807 

■80193 

-00534 

S0727 

^9 

19353 

99464 

J9SS9 

S01 11 

00536 

80647 

1 

60 

TQ433 

99462 

19971 

80029 

00538 

1  80567 

0 

i  Co-line. 

Sine. 

O  -tang. 

Tangent. 

Co-fecant 

Secant. 

M.- 

8 1  Degree;. 


A  Table  of  Artificial  Sines,  Tang,  and  Sec.  9  Degrees. 


1  M. 

Sine. 

Co-fine. 

Tangent. 

Co- tang. 

Secant. 

Co  i  scant. 

•  0 

9-  *9433 

9.  99462 

9.  19971 

10.  80029 

10. 00538 

10. 80567 

60 

It 

195*3 

99460 

200  53 

79947 

00540 

80487 

59 

'  2 

19592 

9945s 

30134 

79865 

00542 

80407 

58 

3 

19672 

9945-6 

202X6 

79784 

00544 

80328 

57 

4 

19.751 

99454 

20297 

79703 

00546 

80249 

56 

s 

19830 

99452 

20378 

79621 

00548 

80169 

55 

6 

19909 

9945° 

20459 

7954.1 

00550 

80991 

54 

■  7 

19988 

99448 

205.40 

79460 

00552 

80012 

53 

8 

20067 

99446 

20621 

79379 

00554 

79033 

52 

9 

20145 

99444 

20701 

’ 79299 

00556 

79855 

5* 

l  10 

Q.  20225 

9.  99442 

9.  20782 

10.  79218 

10. 00558 

10-79777 

5° 

11 

20402 

99440 

20862 

79138 

00560 

79698 

49 

12 

20380 

99438 

20942 

79058 

005.62 

79620 

48 

!3 

20458 

994.36 

2.3  022 

78978 

00564 

79542 

47 

14 

20535 

99434 

2  3  1 02 

78898 

00566 

79465 

46 

15 

20613 

99432 

21181 

78818 

0056,8 

79387 

45 

i6 

20691 

99429 

21261 

78739 

00570 

79309 

44 

•  17 

20768 

99427 

21340 

78659 

00  57  3 

79232 

43 

iS 

20845 

99425 

21420 

78580 

00575 

7915s 

42 

19 

20922 

99423 

21499 

78501 

o°577 

-  79078 

41 

20 

s.  20999 

9.  99421 

9. 21578 

10  78422 

10.  00579 

10.  79001 

40 

21 

21076 

99419 

21657 

78343 

00581 

78924 

39. 

22 

2i*53 

994J7 

21736 

78264 

00583 

78847 

38 

23 

21229 

99415 

21814 

78186 

00585 

78771 

3? 

24 

2iqo<; 

99413 

2i8q3 

78107 

00587 

78694 

S6 

*s 

21382 

994*1 

2.3971 

78029 

0058.9 

7861 8 

35 

26 

21458 

99409 

22049 

7795*- 

0059.1 

78542 

34 

27 

2 1 5  34 

99407 

2212.7 

77873 

00593 

78466 

33 

28 

21610 

99404 

22205 

77795 

00595 

78390 

34 

29 

21685 

99402 

22283 

777*7 

00397 

783*5 

31 

3° 

9.  21761 

9.  99400 

9,  22161 

10.77639 

10.  005Q9 

10. 78239 

2° 

31 

21836 

99398 

22438 

77562 

00602 

7.81,64 

29 

32 

21912 

99396 

22516 

77484 

oo6o4 

7.8088 

2S 

33 

21987 

99394 

22593 

77407 

00606 

78013 

27 

■  34 

22062 

99392 

22670 

77.33° 

00608 

77938 

26 

35 

22137 

993.90 

22747 

77253 

00610 

77863 

*5 

36 

2221 1 

90387 

22824 

77176 

00612 

77788 

24 

37 

22286 

99385 

22901 

77099 

00614 

77714 

23 

38 

22361 

99  3  s  3 

22977 

77022 

00617 

77639 

22 

39 

22435 

90581 

2  1CCJ4 

76946 

00619 

77565 

21 

40 

9.  22509 

9.  99379 

Q.  23  t  ^0 

10.  76870 

10.  00621 

jo,  77491 

.20 

4* 

22583 

99377 

23206 

76793 

0062.3 

77 41 7 

19 

42 

22657 

99  j75 

23283 

76717 

00625 

7.7.343 

18 

43 

22731 

99372 

23369 

76641 

00627 

77269 

17 

44 

22805 

99370 

23434 

76565. 

00630 

7719S 

16 

45 

22878 

99368 

-  23510 

76490 

00632 

77X.22 

15 

46 

22952 

993.66 

21586 

76414 

00634 

77048 

14 

47 

2702  ^ 

99364 

2.3661 

76339 

00636 

7%75 

!3 

4S 

23098 

99362 

13737 

76263 

00638 

76902 

12 

49 

23171 

99359 

23812 

76188 

00641 

76829 

II 

5° 

9.23244 

9-  99357 

9.  23887 

10.  76113 

io.  00643 

IQ.  76756 

10 

51 

23317 

993-55 

25962 

.  76038 

00645 

7,6683 

9 

4  5j2 

23390 

29353 

24037 

75963 

00647 

7,66.10 

8 

^3 

23462 

9935 1 

241  12 

75888 

00649 

76537 

7 

54 

23535 

9i>348 

24186 

758*3 

00652 

76465 

6 

55 

23607 

99346 

24261 

75739 

00654 

76393 

5 

-  56 

23679 

99344 

’  24335 

75665 

0065,6 

76320 

4 

57 

*3751 

99342 

24410 

75  59° 

0065.8 

76248 

3 

58 

23823 

99340 

24484 

75516 

00660 

76176 

2 

59 

23895 

99337 

24,558 

75442 

00663 

76105 

I 

60 

23967 

99-85 

2.1612 

75568 

00665 

76033 

O 

Co-fine. 

S'  ne. 

Co  tana 

.  Tangent. 

Co-fecant. 

Secant. 

M. 

80  D-grsea. 


A  Table  of  Artificial  Sines,  Tang,  and  Sec.  io  Degrees. 


M.  ] 

Sine. 

Co-line. 

Tangent, 

Co-tang. 

Secant. 

Co-lecaut.  j 

o 

9.23967 

9-99335 

9.  24632 

10.  75368 

10.  00665 

10.  76033  1 

60 

I 

24039 

99333 

24706 

75294 

00667 

75961 

59 

2 

24III 

9933' 

24779 

75221 

00669 

75890 

58 

3 

24180 

99328 

24853 

75*47 

00672 

758*9 

57 

4 

24253 

99326 

24926 

75°74 

00674 

7  5"  47 

56 

5 

24324 

99324 

25000 

75COO 

00676 

7567S 

55 

6 

*4395 

99322 

25073 

74927 

00678 

7S5°5 

54 

7 

24466 

09319 

25146 

74854 

C06S0 

75534 

53 

8 

24536 

99317 

252*9 

7478i 

00683 

75464  1 

52 

9 

24607 

993IS 

2  5292 

74708 

C06S5 

75393 

5* 

IO 

9.  24677 

9.99313 

9.25365 

10.  74635 

ic.  00687 

10.75322 

5° 

II 

24748 

99510 

25437 

74563 

00690 

75252 

49 

12 

248 1 S 

99508 

25510 

7449° 

00692 

75182 

48 

13 

24SS8 

99306 

25582 

74418 

00694 

75  "2 

47 

14 

24958 

99304 

25655 

74345 

00696 

75042 

46 

JS 

25028 

993° 1 

25727 

74273 

00699 

74972 

45 

IO 

25098 

99299 

25799 

74201 

C0701 

74902 

44 

17 

25168 

99297 

25871 

74129 

CO703 

74s32 

43 

18 

25237 

99:94 

25943 

74057 

00706 

74762 

42 

19 

25307 

OQ292 

26015 

739*5 

00708 

74693 

4* 

20 

9.25376 

9.  99270 

9.  26086 

10.739)4 

ic.  00710 

id.  74623 

4° 

21 

2  5445 

99287 

26158 

73842 

00712 

74555 

39 

22 

*55*4 

99285 

26229 

7377* 

00715 

74486 

38 

23 

25583 

99283 

26300 

73e99 

00717 

744*7 

37 

24 

25652 

99281 

26372 

73628 

CG7I9 

7^348 

3« 

25 

25721 

99278 

26443 

73557 

00722 

74279 

35 

26 

25790 

99276 

26514 

73486 

CC724 

74210 

34 

27 

25858 

99274 

ir5 

734*5 

00726 

74*42 

33 

28 

25927 

99271 

20655 

73344 

00729 

74°73 

32 

29 

25995 

99269 

26726 

73274 

00731 

74005 

3  * 

30 

9.  26063 

9.  99267 

9.26797 

10.73203 

10.  00733 

ic.  73937 

3° 

3i 

26131 

99264 

26867 

73*33 

00736 

73869 

29 

3s 

26ig9 

99262 

26937 

73063 

00738 

73801 

28 

33 

26267 

99260 

27008 

72992 

00741 

73733 

27 

34 

26335 

99257 

27078 

72922 

00743 

73665 

26 

35 

20403 

99255 

27148 

72852 

00745 

73597 

<7  C* 

36 

26470 

99252 

27218 

72782 

00747 

7353° 

24 

37 

26538 

99250 

272S8 

727*2 

CC75O 

73462 

23 

38 

26605 

99248 

27357 

72643 

00752 

73395 

22 

39 

26-72 

99245 

*7427 

72573 

00755 

73318 

21 

40 

9. 26739 

9.  99243 

9-  27496 

10.  72504 

IO.  OO7C7 

10.  73261 

20 

4i 

26806 

99241 

27566 

72434 

00759 

73*93 

19 

42 

26873 

99238 

27635 

72365 

00762 

73*27 

18 

43 

26940 

99236 

277O4 

72296 

007  64 

73060 

*7 

44 

27007 

99233 

27773 

72227 

00766 

72935 

l6  ' 

27073 

99231 

27842 

72*58 

00769 

72926 

J  5 

46 

27140 

99229 

27911 

72089 

OO77I 

72S60 

*4 

47 

27206 

99226 

279S0 

72020 

00774 

72794 

13 

48 

27273 

99224 

28049 

7*95* 

00776 

72727 

12 

49 

27339 

9^221 

28117 

71883 

00779 

72661 

IT 

5° 

9. 27405 

9. 99219 

9.  28186 

10.  71814 

ic.  00781 

10.  72595 

1  IO 

5i 

27471 

99217 

28254 

71746 

00783 

72529 

9 

52 

27537 

99214 

2S322 

71677 

00786 

72463 

8 

53 

27602 

99212 

28391 

71609 

00788 

72398 

7 

54 

27668 

99209 

28459 

71541 

OO79I 

72332 

6 

55 

27734 

99207 

28527 

7*473 

00793 

72265 

56 

27790 

99204 

28595 

71405 

00796 

722CI 

4 

57 

27864 

99202 

28662 

7*337 

00798 

72136 

3 

5$ 

27930 

992CO 

2S730 

71270 

00800 

72070 

2 

59 

27995 

99*97 

2S798 

7I2C2 

00803 

72005 

1 

60 

28060 

90195 

28865 

7**35 

00805 

71940 

0 

1  Co  line. 

Sine. 

Co  tang. 

Tangent. 

Cc-lccant. 

Secant. 

M. 

79  Degrees. 


A  Table  of  Artificial  Sines,  Tang,  and  Sec.  n  Degrees. 


M  . 

Sine. 

Co-line. 

4  ang. 

Co-tang. 

Secant* 

Co-:ecant. 

O 

9.  28060 

9.  99195 

9.  28865 

10.  71135 

10-  00805 

IO.  7IQ4O 

60 

I 

28125 

99J92 

28933 

71067 

00808 

7  *  »75 

59 

2 

28190 

ggigo 

29000 

71000 

00810 

71810 

5s 

3 

28254 

99187 

29067 

70933 

00813 

71746 

57 

4 

28319 

99285 

29134 

70896 

co8 1 5 

71681 

56 

5 

28384 

99182 

29201 

70799 

00818 

71616 

15 

6 

2$~)48 

99180 

29268 

70732 

00820 

71552 

54 

7 

28512 

99177 

29335 

70665 

00823 

71488 

53 

8 

28577 

99>75 

29402 

70598 

00825 

7:423 

52 

P 

28641 

99172 

29468 

70532 

00828 

71359 

si 

JO 

9.  28705 

9.  99170 

9.29535 

10.  70465 

O 

rr 

00 

O 

O 

6 

io.  71295 

5° 

I  I 

28769 

99167 

29601 

70399 

00833 

71231 

49 

12 

28833 

99165 

29668 

70332 

00825 

71167 

48 

r3 

28896 

99162 

29734 

70266 

00838 

71104 

47 

H 

28960 

99160 

29800 

70200 

00840 

7IOJ.9 

46 

»5 

29024 

99*57 

29866 

70134 

00843 

70975 

45 

l6 

29087 

99155 

29932 

70068 

00  8  48 

70913 

44 

17 

29150 

99 1 52 

29998 

70002 

O 

O 

OO 

£ 

70850 

43 

l8 

29214 

99150 

30064 

69936 

00850 

70786 

42 

19 

29277 

99147 

30129 

69870 

00853 

70723 

41 

20 

9.  29340 

9.  99145 

9.  30195 

10.  69805 

10. 00855 

1 1.  70606 

40 

21 

29403 

99142 

30261 

69739 

00R58 

70597 

39 

22 

29466 

99  H° 

30326 

69674 

00860 

70534 

38 

23 

29529 

99137 

30391 

69609 

00865 

7047  X 

-37 

24 

29591 

99135 

30457 

69543 

00865 

70409 

36 

25 

29654 

99132 

30522 

69478 

00868 

70346 

35 

26 

29716 

99129 

3°587 

69413 

00870 

70284 

34 

27 

29779 

99127 

30652 

69348 

00873 

7022 1 

33 

28 

29841 

99*H 

30717 

69283 

00S76 

70159 

32 

29 

29903 

99 122 

30781 

69218 

oo8'8 

70097 

3' 

30 

9.  29963 

9. 99119 

9.  30846 

10.  69154 

10.  00X81 

10.  70034 

3° 

3* 

30028 

99117 

3091 1 

69089 

00883 

69972 

29 

32 

30089 

99114 

30975 

69025 

00886 

69910 

28 

33 

30151 

991H 

3IO4O 

68960 

oc883 

69849 

27 

34 

30213 

99109 

31104 

6S896 

oo8qi 

697S7 

26 

3Sr 

30275 

99106 

31168 

68831 

02894 

69725 

25 

36 

30336 

99104 

31233 

68767 

00896 

69664 

24 

37 

3°398 

99101 

31297 

68703 

ooSoq 

69604 

23 

38 

3°459 

99099 

31361 

68639 

OG^OI 

69541 

2  2 

39 

30521 

99096 

3H25 

68575 

OGCO4 

694-9 

21 

40 

9.  30582 

9. 99093 

9-  3  1488 

10.  68511 

10.  C0907 

10.  69418 

20 

4i 

30643 

99091 

3r552 

68448 

00509 

69357 

19 

42 

30704 

119088 

31616 

68384 

00912. 

69296 

iS 

43 

30765 

99085 

31679 

68320 

00914 

69-/35 

17 

44 

30826 

99083 

31743 

68257 

00917 

69174 

16 

45 

308S7 

99080 

31806 

68194 

C0920 

69113 

15 

46 

30947 

99078 

31870 

68130 

C0922 

69053 

14 

47 

31008 

99075 

3*933 

68067 

00925 

68992 

13 

48 

3 1068 

99072 

31996 

68004 

C0928 

6897  1 

12 

49 

_ 31129 

99070 

32059 

67941 

00930 

6887  r 

1 1 

5° 

9.  31189 

9. 99067 

9.  32122 

10.  67878 

10.  00933 

11.  6881 1 

10 

51 

31249 

99064 

32185 

67815 

00936 

68750 

9 

52 

31310 

99062 

32248 

67752 

00938 

68690 

8 

53 

3r37° 

99059 

32311 

67689 

OO94I 

68630 

7 

54 

31430 

99056 

32373 

67627 

CC943 

68570 

6 

55 

3M9° 

99054 

32436 

67564 

00946 

6S510 

5 

56 

31549 

99051 

3249S 

67502 

OO949 

68451 

4 

57 

3 1 609 

99048 

32561 

67439 

OC95I 

68391 

3 

S8 

31669 

99046 

32623 

67377 

°c954 

68332 

2 

I9 

31728 

99043 

32685 

67345 

00957 

68272 

I 

DO 

31788 

99040 

32747 

67252 

00960 

68212 

O 

Co-fine. 

Sine. 

Co-tang. 

Tangent. 

Co  fecan. 

Secant. 

M 

78  Degrees,  [  m  j 


A  Table  of  Artlfical  Sines,  Tang,  and  Sec.  12  Degrees. 


M. 

Sine. 

Co-fine. 

Tang. 

Co-tang. 

bccant. 

Co-iccant. 

O 

9-  317S8 

9.  99040 

9-  32:47 

10.  67252 

10. 00960 

10.  6Sz  1 2 

60 

I 

31847 

99038 

328oq 

67190 

00963 

68153 

59 

2 

•  3*9°7 

99035 

32871 

67128 

0096  5 

68093 

52 

3 

*?iq66 

99032 

32933 

67066 

00963 

68034 

57 

4 

32325 

99030 

32993 

67005 

00970 

67975 

56 

5 

32084 

99027 

33057 

66943 

00973 

679:6 

55 

6 

32143 

99024 

33**9 

66881 

00076 

67857 

54 

7 

32202 

99021 

771S0 

66S20 

00978 

67/798 

53 

8 

32261 

99019 

33242 

66758 

00981 

67739 

52 

9 

32319 

99016 

333°3 

6661*7 

00984 

67681 

5* 

IO 

9. 32378 

9.  99017 

9-  3336; 

10.  66635 

10. 009s  7 

ic.  67622 

5° 

I  I 

32437 

9901  I 

33426 

66574 

00989 

67563 

49 

12 

3249  5 

99008 

334  87 

66513 

00992 

67505 

4S 

r3 

3  2- "  53 

9900  5 

33  548 

66452 

00995 

67447 

47 

14 

32612 

99002 

330O9 

66391 

00997 

b-38  8 

46 

1 3 

32670 

99000 

33670 

6653O 

ore  00 

67330 

45 

l6 

32723 

9S997 

3373* 

66269 

01003 

67272 

<4 

17 

3*186 

98994 

33-92 

66208 

01006 

67214 

43 

is 

32844 

cySoqi 

75833 

66147 

01008 

67156 

42 

19 

32902 

98939 

339*3 

66087 

OIOI  I 

6-cg8 

41 

20 

0.  32960 

0.  q3q86 

9-  33974 

10.  66026 

10.  01014 

10  97240 

40 

21 

3301S 

98983 

34034 

65966 

01017 

66082 

39 

22 

3  3C7  5 

98980 

3409  5 

65905 

01020 

66925 

33 

23 

33*33 

98978 

34*55 

65845 

CIC22 

66867 

37 

24 

^IQO 

93975 

342  *  5 

65784 

01025 

66S10 

36 

25 

33248 

98972 

34276 

65724 

0102S 

66752 

35 

26 

3'3°5 

qSq6g 

34336 

65664 

OIO3I 

6G€95 

34 

27 

33362 

q8q66 

3439^ 

65604 

01033 

6663s 

33 

2S 

334*9 

98964 

34456 

6  5  544 

010-56 

665:0 

72 

29 

33477 

98961 

34516 

65484 

cio^Q 

66523 

3* 

3° 

9-  33534 

9.  98958 

9-  34575 

ic.  65424 

ij.  01042 

10.  66466 

30 

3 1 

3359* 

98955 

34635 

65365 

01045 

66409 

29 

28 

32 

33647 

98952 

34695 

65305 

01047 

663  r 2 

33 

33704 

9895° 

34"  54 

65245 

01050 

66290 

zl 

34 

33-61 

98947 

34814 

65186 

01053 

66229 

20 

35 

33818 

98944 

34873 

65126 

01056 

66182 

25 

36 

33874 

9894* 

34933 

65067 

01059 

66126 

24 

37 

3393* 

98938 

34992 

65008 

01062 

66069 

23 

38 

33987 

q8q36 

35°5* 

64949 

01064 

66013 

22 

39 

34043 

98933 

75m 

648S9 

01067 

65957 

21 

40 

9.  341  CO 

0.98930 

9\35*70 

10.  64830 

ic.  01070 

io.  65000 

20 

4i 

34156 

98927 

35229 

64771 

01073 

65844 

*9 

42 

34212 

98924 

352S8 

64712 

01076 

65788 

l8 

43 

34268 

qSq2I 

35346 

64653 

01079 

65732 

*7 

44 

34324 

98919 

35405 

64595 

010S1 

65676 

l6 

4^ 

24780 

qSqi6 

3>464 

64536 

010S4 

65620 

*5 

46 

34435 

989*3 

35523 

6-74-3 

01087 

65564 

*4 

47 

3449* 

98910 

35581 

64419 

01093 

655c9 

*3 

48 

34547 

-  q3q07 

35640 

64360 

OIO9; 

6  545  3 

12 

49 

34602 

98904 

75698 

64502 

01096 

65398 

II 

5° 

9.  3465S 

9.  SS901 

9-  35757 

10.  64243 

TO.  CIC99 

ic.  65342 

IO 

5r 

34“i  3 

9S898 

35®  *  5 

64*85 

OI  IOI 

65287 

9 

8 

7 

52 

53 

34769 

34S24 

98896 

9S893 

35873 

3593* 

64*27 

64069 

01104 

CI1C7 

65231 

65*76 

54 

55 

34879 

34934 

58890 

98887 

35989 

36047 

640 1 1 
6*953 

OHIO 

01*13 

65121 

65066 

5 

56 

34989 

98884 

36105 

63895 

c  1 1 1 6 

65011 

4 

57 

35044 

9S881 

36163 

63837 

01119 

64956 

64901 

3 

53 

35c99 

9SS78 

36221 

63779 

OI  122 

2 

'9 

35*54 

9S375 

36279 

63721 

01125 

64546 

60 

35109 

0SS72 

36536 

63664 

01128 

6r9i 

Co- fine. 

Sine. 

Co-tang. 

Tangent. 

Co-iecant. 

Secant. 

M. 

77  Decrees, 


A  Table  of  Artificial  Sines,  Tang,  and  Sec.  13  Degrees. 


M. 

Sine. 

Co-fine. 

Tang. 

Co-tang. 

Secant. 

Co-  lecanc. 

I 

O 

9.  35209 

9.  98872 

9.  36336 

10.  63664 

10.  01128 

10. 64791 

60 

I 

3  5-^3 

9S869 

36394 

63606 

OI  I3O 

64736 

59 

2 

35318 

98S67 

36451 

63548 

01133 

646S2 

5s 

3 

35373 

98864 

36509 

6349.1 

01136 

64627 

57 

4 

35417 

98861 

36566 

63434 

01139 

64573 

5° 

5 

3548i 

98858 

366.24 

6337^ 

OI  1/^2 

645*1 8 

55 

6 

35536 

98855 

3668.I 

633ie 

01145 

64464 

54 

7 

3559° 

98852 

36738 

63262  . 

01148 

64410 

53 

8 

35644 

98849 

36795 

63z05 

O  I  I  5  I 

64356 

52 

9 

35698 

98846 

36852 

63148 

01154 

64302 

5i 

IO 

9-  35751 

9.  98843 

9.  36909 

10.  63091 

10.  01 157 

10.  64248 

5° 

I  I 

35806 

98840 

36966 

63034 

01 160 

64194 

49 

12 

35860 

98837 

37023 

62977 

01163 

64140 

48 

»3 

35914 

98834 

37080 

62920 

01166 

64086 

47 

14 

35968 

98831 

37137 

6286.3 

01169 

64032 

40 

15 

36021 

98828 

37193 

62807 

OII72 

63978 

45 

16 

36075 

98825 

37150 

62750 

oii75 

63925 

44 

17 

36129 

98822 

37306 

62693 

01178 

63871 

43 

18 

36182 

9S8 1 9 

37363 

62637 

01 181 

63818 

42 

19 

36226 

9SS16 

37419 

62581 

01184 

63764 

41 

20 

9.  36289 

9-  98S13 

9.  37476 

10.  62524 

10.  01187 

10.  63711 

40 

21 

36341 

98810 

37532 

6246S 

01 190 

63658 

39 

22 

36395 

9S807 

37588 

62412 

oil  93 

63605 

38 

23 

36448 

98804 

37644 

62236 

01196 

63551 

37 

24 

36502 

98S01 

37700 

67.300 

OT  I99 

63498 

36 

25 

36555 

98798 

37756 

62244 

01202 

63445 

35 

26 

36607 

98795 

37812 

62188 

01205 

63392 

34 

27 

36660 

98792 

37868 

62132 

0120S 

63340 

33 

23 

36713 

98789 

37924 

62076 

0121 1 

63287 

32 

29 

36766 

987S6 

37980 

62020 

OT2?4 

63234 

3i 

30 

9.  36818 

9.  98783 

9.38035 

10.  61965 

IO-  01217 

10.63181 

3= 

31 

36871 

98780 

3S09 i 

61909 

01220 

63129 

29 

32 

36924 

98777 

38146 

61853 

01223 

63076 

28 

33 

36976 

98774 

38202 

61798 

01226 

63024 

27 

34 

37028 

98771 

38257 

61742 

OT229 

62971 

26 

35 

37081 

98768 

38313 

61687 

01232 

62919 

25 

36 

37133 

98765 

38368 

61632 

01233 

62867 

24 

37 

37185 

98762 

38423 

61577 

0-1238 

62815 

23 

3« 

37137 

98759 

38479 

61521 

OI24I 

62763 

22 

39 

37289 

98756. 

38534 

61466 

OI244 

62711 

21 

40 

9.  37341 

9.  98753 

9.  38589 

10.  6.1412 

10. 01247 

10.  62659 

20 

4» 

37393 

98749 

38644 

61356; 

OI25O, 

62607 

19 

42 

37445 

98746 

38699 

61301 

OI253 

62555 

18 

43 

37497 

987.43 

38754 

61246 

01257 

62503 

17 

54 

37549 

98740 

38808 

61192, 

01260 

62451 

l6 

45 

37600 

98737 

38863 

61137 

01363 

624.00 

'5 

46 

37651 

98734 

38918 

61082 

01266 

62348 

14 

47 

377°4 

98731 

38972 

61028 

01269 

62296 

13 

4S 

37755 

98728 

39027 

60973. 

OH72 

62245 

12 

40 

37806 

98725 

3908 1. 

600  T  8 

0127  <; 

62  1 04 

I  I 

5° 

9-37S58 

9.  98722 

9.  39136 

10.  60S  64 

10. 01278 

10.  62142 

IO 

51 

37909 

98719 

39190 

.60810 

01281 

62091 

9 

S2 

37960 

98715 

39245 

60755 

012S4 

62040 

8 

53 

38011 

98712 

39299 

60701 

01288 

61989 

7 

54 

38062 

98709 

39353 

60647 

01291 

61938 

6 

55 

.38113 

98706 

3  94°  7 

60593 

01294 

61887 

5 

56 

38164 

98703 

39461 

60539 

01297 

61836 

4 

57 

38215 

98700 

39  5 1 5 

60485 

01300 

61785 

3 

5S 

38266 

9Q697 

39569 

60431 

OI3°3 

61734 

2 

59 

38317 

98694 

39623 

60377 

01306 

61683 

I 

60 

38367 

98690 

39677 

60323 

01 310 

61632 

0  j 

Co  fine. 

Sine. 

Co-tang. 

Tangent. 

Co-fecant. 

1  Secant. 

M.  1 

76  Degrees.  [mi] 


A  Table  of  Artificial  Sines,  Tang,  and  Sec.  14  Degrees. 


M.  | 

Sine.  j 

Co  fjre. 

Tangent. 

Co-tang.  | 

Secants.  | 

CoTecant.  | 

I 

O 

9.  38367 

q.  q86qo 

9.  39677 

Io-  60323 

10.  01310 

10.  61632  1 

60 

I 

38418 

98687 

3973* 

60269 

013*3 

61582 

59 

2 

38469 

98684 

39785 

60215 

01316 

6*53* 

5* 

3 

38519 

98681 

39838 

60162 

OI3I9 

61481 

57 

4 

38570 

9S67S 

39S92 

60108 

01322 

61430 

56 

5 

38620 

98675 

39945 

60054 

01325 

61380 

55 

6 

38670 

98671 

39999 

60001 

01329 

61330 

54 

7 

38721 

98668 

40052 

59948 

01332 

61280 

53 

8 

3s77i 

98665 

40106 

59894 

01335 

61229 

5* 

9 

3882 1 

98662 

40159 

59841 

01338 

61179 

5* 

IO 

9.  38871 

9.  98659 

9-  40212 

10.  59788 

ic.  01341 

10.  61129 

5° 

II 

38921 

98655 

40266 

59734 

01344 

61079 

49 

12 

3S971 

98652 

40319 

59681 

01348 

61029 

4* 

13 

39021 

98649 

40372 

59628 

01351 

60979 

47 

14 

39071 

08646 

40425 

59575 

01354 

60929 

46 

15 

39121 

98643 

40478 

59522 

01357 

60879 

45 

l6 

39170 

98639 

40531 

59469 

01360 

60830 

44 

17 

39220 

98636 

40584 

59416 

01364 

60780 

43 

18 

39269 

98633 

40636 

59363 

01367 

60730 

42 

>9 

393*9 

98630 

40689 

59511 

01371 

60681 

4* 

20 

9.  39368 

9.  98627 

9.40742 

10.  59253 

ic.  01373 

10.  60631 

4° 

41 

394*8 

98623 

40794 

59205 

01377 

60582 

39 

22 

39467 

9S620 

40847 

S9*53 

01380 

60533 

3* 

23 

395*7 

9S617 

4C900 

591CO 

01383 

60483 

37 

24 

39566 

98614 

40952 

59048 

01386 

.60434 

36 

29 

396*5 

98610 

4IOC4 

58995 

01390 

60385 

35 

26 

39664 

98G07 

41057 

58943 

01393 

60336 

34 

27 

397*3 

98604 

41109 

58S9 1 

01396 

60287 

33 

28 

39-62 

98601 

41161 

5883s 

01399 

60238 

3* 

29 

39811 

o8;97 

41114 

58786 

01403 

60189 

31 

3° 

9.  39862 

9.  98594 

0.  41266 

10.  58734 

10.  CI406 

10.  60140 

3° 

3' 

39909 

98(01 

4*3*8 

58682 

01409 

60091 

29 

”7  ** 

39957 

98588 

4*370 

58630 

CI412 

60042 

28 

33 

4ccc6 

98584 

41422 

58578 

01416 

59994 

27 

34 

40055 

98581 

41474 

58526 

01419 

59945 

26 

35 

4OIO3 

98578 

41526 

58474 

01422 

59896 

*5 

36 

40152 

98574 

41577 

58422 

01425 

59848 

*4 

'37 

4C200 

98571 

41629 

58371 

01429 

59799 

23 

38 

40249 

98568 

41681 

58319 

01432 

59751 

22 

39 

40297 

98565 

4*733 

58267 

01435 

59703 

21 

40 

9.  40345 

9.  98561 

9.  41784 

10.  58216 

10. 01439 

10.  59654 

20 

4* 

40394 

9S558 

41S36 

58164 

01442 

59606 

*9 

42 

40442 

98550 

418S7 

58113 

C1445 

59558 

18 

43 

4O49O 

98551 

4*939 

58061 

01449 

59510 

17 

44 

40538 

98548 

41990 

58010 

01452 

59462 

l6 

45 

40586 

98545 

42041 

57958 

01455 

594U 

*5 

46 

40634 

98541 

42093 

57907 

01459 

59366 

*4 

47 

40682 

98538 

42144 

57856 

01462 

59318 

13 

4s 

40730 

98535 

42195 

57805 

01465 

59270 

12 

49 

40778 

98531 

42246 

57754 

01469 

59222 

I  I 

5° 

9.  40825 

9.  98528 

9.  42297 

10.  57703 

10.  01472 

10.  59,75 

IO 

51 

40873 

98525 

42348 

57652 

01475 

59126 

9 

5* 

40921 

98521 

423S9 

57601 

01479 

59=79 

8 

<53 

40968 

985*8 

4245° 

5755° 

01482 

59032 

7 

54 

41016 

98515 

42501 

57499 

01485 

58984 

6 

55 

41063 

98511 

42552 

57448 

01489 

5*937 

5 

5  6 

41111 

98508 

42603 

57397 

CI492 

5SS89 

4 

57 

41158 

98504 

42653 

57347 

OldQS 

58842 

3 

5s 

41205 

98501 

42704 

57296 

01499 

5*795 

2 

59 

41252 

98498 

4*755 

57*45 

OI502 

58748 

1 

60 

41  30  O 

08494 

42805 

57*95 

01505 

5  8700 

0 

Co-<ine. 

Sine. 

Co.  tang. 

Tangent. 

Co- few  nt. 

Secant. 

M. 

75  Degress. 


A  Table  of  Artificial  Sines,  Tang,  and  Sec.  13  Degrees. 


M.  \ 

Sine. 

Co-line. 

Tangent.  \  Co-tang. 

Secant. 

Co-fecant. 

o 

9.  41  300 

9. 98494 

9.  42805 

10. 57195 

VO 

0 

O 

6 

-4 

10.  58700 

60 

I 

4*347 

98491 

42856 

57*44 

01509 

58653 

59 

2 

4[394 

98488 

42906 

57094 

01512 

58606 

58 

3 

41441 

98484 

42957 

57043 

01516 

58559 

57 

4 

41433 

984S1 

43007 

56993 

0*5*9 

58512 

56 

5 

41535 

98477 

43057 

56943 

0*523 

58465 

55 

6 

41581 

98474 

43107 

56X92 

01526 

5S418 

54 

7 

41628 

98471 

43*58 

56842 

01529 

58372 

53 

3 

4*675 

98467 

43208 

56792 

0*533 

58325 

52 

9 

41722 

98464 

43258 

56742 

01536 

5X278 

5* 

IU 

9.  41768 

9. 98460 

9.43308 

10. 56692 

10.  01540 

10.  58232 

5° 

I  I 

4*815 

98457 

43358 

56642 

0*543 

58185 

49 

12 

41861 

98453 

43408 

56592 

01546 

58138 

48 

13 

41908 

98450 

4345s 

56542 

01550 

58092 

47 

14 

4J954 

98447 

43508 

56492 

o*553 

58046 

46 

»5 

42001 

98443 

43558 

56442 

0*557 

57999 

45 

'  l6 

42047 

98440 

43607 

56393 

01560 

-57953 

44 

'17 

42093 

98436 

43657 

56343 

01 564 

57907 

43 

1 3 

42«39 

98433 

43707 

56293 

01567 

57860 

42* 

19 

42186 

98429 

43756 

56244 

°'57* 

57814 

4* 

20 

9.  422  32 

9. 98426 

9.  43806 

10. 56194 

10.  01574 

10.  57768 

40 

21 

42278 

98422 

43855 

56145 

01578 

57722 

39 

22 

42724 

98419 

43905 

56095 

o*  58  1 

57676 

38 

23 

42370 

98415 

43954 

56046 

01584 

S7630 

37 

24 

42416 

9S412 

44004 

55996 

01 58S 

57584 

36 

*3 

42461 

98408 

44053 

55947 

01 59 1 

5753s 

35 

26 

425°7 

98405 

44102 

55898 

01595 

57493 

34 

27 

42553 

98401 

44*5* 

55848 

01598 

57447 

33 

28 

42599 

98398 

44201 

55799 

01602 

57401 

32 

2Q 

42644 

98594 

O 

I 

55750 

01605 

57356 

3* 

30 

9.  42690 

9. 9S391 

9.44299 

io-5_5  701 

10.  01608 

30.  573IO 

i-9 

31 

42735 

98387 

44348 

55652 

01612 

57265 

29 

32 

42781 

98384 

44397 

55603 

01616 

c,72  IQ 

28 

33 

42826 

9S380 

44446 

55554 

01619 

57*74 

27 

34 

42872 

98377 

44495 

55505 

01623 

5-128 

26 

35 

42917 

98373 

44543 

55456 

01626 

570S3 

25 

36 

42962 

98370 

44592 

45408 

01630 

57038 

24 

37 

43c07 

98366 

,  44641 

-  55359 

01634 

56992 

23 

33 

43053 

98363 

44690. 

55310 

01637 

.56947 

22 

39 

43098 

98359 

44738 

55262 

01641 

56902 

2i 

40 

9.  43143 

9. 98356 

9. 44787 

10.  55213 

10.  01644 

10. 56857 

20 

41 

43188 

98352 

44836 

55*64 

01648 

56812 

*9 

42 

43233 

98339 

44884 

55**6 

01651 

56767 

18 

43 

43278 

98345 

44933 

55067 

01 6  5  5 

56722 

*7 

44 

48323 

9834- 

44981 

55°*9 

01658 

56677 

l6 

45 

43367 

98338 

45029 

5497* 

01662 

56632 

*5 

46 

43412 

98334 

45078 

54922 

01665 

5658s 

14 

:  47 

43457 

98331 

45126 

54874 

01669 

56543 

*3 

4* 

43502 

9S327 

45*74 

54826 

01673 

56458 

12 

49 

43546 

9S324 

45222 

5+777 

01679 

56454 

I  I 

5° 

9.43591 

9. 9S320 

9.  45271 

10.  54729 

10.  01630 

10. 56409 

IO 

5i 

43635 

9S317 

453*9 

t.  54681 

01683 

*  56365 

9 

52 

43680 

983*3 

45367 

54633- 

01687 

5632° 

s 

53 

43724 

9S3°9 

454*5 

54585 

01691 

56276 

7 

54 

43769 

98306 

45463 

54537 

01694 

56231 

6 

55 

43813 

98302 

455*1. 

54489 

01698 

56187 

5 

5° 

43857 

9.8299 

45559 

5444* 

OI7OI 

5Sl43 

4 

.  57 

43901 

98295 

45606 

54394 

OI7O5 

56099 

3 

58 

43946 

98291 

45654 

•54346 

03709 

56054 

2 

59 

43990 

9S2S8 

45702 

54298 

03712 

56010 

* 

.  60 

44034 

98284 

457  cr 

54250 

|  01716 

55966 

0 

I  Co-fine. 

|  Sine. 

Co-iane. 

Tangent. 

1  Cri-fecanr. 

Secant* 

-  M.  | 

74  Degrees. , 


A  Table  of  Artificial  Sines,  Tang,  and  Sec.  16  Degrees. 


M. 

S  nc.  | 

Co- line.  | 

Tangent.  | 

Co-ung.  | 

becafU.  | 

Co-tecaiu.  1 

o 

9.  44034. 

9.  98284 

9-4575° 

10.  34250  I 

10. 01716 

10-  55966 

60 

I 

44078 

98280 

45797 

54203 

01719 

55922  1 

59 

44122 

93277 

45845 

54'55 

01723 

55*7?  1 

5s 

3 

44166 

98273 

45892 

54*07 

01727 

55*34  ' 

57 

4 

44210 

98270  ; 

4594° 

54060  | 

01730 

5579° 

5” 

5 

44253 

98266 

459s7 

54012 

01734 

55746 

55 

6 

44z97 

98262  ! 

46035 

53965 

01738 

55703 

54 

7 

44341 

98259 

46082 

53918 

01741 

5  5659 

53 

S 

443s5 

98255  1 

46130 

53870 

01745  : 

55615 

Sz 

9  ! 

44428 

98251 

46177 

53823 

01749 

55572 

51 

IO 

9>444'2 

0.  48248 

9. 46224 

10.  53776 

10. 01752 

10.  55528 

5° 

1 1 

445 1 5  ; 

98244 

46271 

53728 
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01808 

54880 

35 

26 

45163 

98189 

46975 

53025 

01811 
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47068 
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98177 
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44 
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10.  51466 
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60 
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01944 
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59 
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48624 
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58 

46717 
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48669 

52331 

01952 
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57 

4675s 

98044 

487+4 

51286 

01956 

53241 

56 

46S00 

98040 

48759 
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01960 

53200 

55 

46841 

98036 

48804 

51196 

01964 

53159 

54 

46882 

98032 

48849 

51151 

01968 

53118 

53 

46923 

98029 

48894 

51106 

OI97I 

53077 

52 

46964 

98025 

48939 

51061 

01975 

53036 

51 

9. 47005 

9.  98021 

9.48984 

10.  51016 

IO.  OI9./9 

10.  52995 

5° 

470+5 

98017 

49029 

50971 

01983 

52954 

49 

47086 

98013 

49073 

50927 
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52914 

48 

47I27 

98009 

49118 

50882 

OI99I 

52873 

47 

47168 

98005 

49163 

50837 

01995 

52832 

46 

47209 
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49207 

50793 

01999 

52791 

45 

47249 

97997 

49253 

50748 
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44 
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97993 

49296 
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43 
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42 
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10.50570 

10.  osoi 8 

10.  5258S 

40 

+  74  52 

97978 

49474 
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38 
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36 
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52387 

35 

47654 

97958 
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6 
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50769 
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51478 
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97788 
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48480 
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9 
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50423 
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*7 
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O225O 
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43 
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33 

28 
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5° 

31 
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32 
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33 
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27 

34 
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47380 
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26 

35 

50336 
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52953 

4-046 

02555 

<9402 

i8 

43 

50635 

97640 

52995 

47005 

02360 

49365 

17 

44 

50673 

97636 

53037 

46963 
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57 

4 
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02450 

48589 

56 

s 
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97545 
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02455 

48553 

55 

6 

51484 
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53943 

46057 

02459 

48516 

54 

7 
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97536 

53984 

46016 
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4848O 

53 

8 
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02468 

48443 

52 

9 

5*593 
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54065 
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48407 

51 

10 

9.  51629 

9.  97523 
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10.  02477 

ic.  48371 

5° 

11 
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54*47 

45853 

02481 

48334 

49 

12 
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975*4 
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45812 

02485 

48298 

48 

13 

5*738 

97510 

54228 

45772 

02490 
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47 

h 
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97506 
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4573* 

02494 
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46 
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97501 
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02499 

48 1 89 

45 
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45650 
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44 

17 
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481 17 

47 

l8 

5*9*9 
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48081 

42 

19 
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54471 

45528 

02516 

48045 

4* 

20 

9.  51991 

9-  97479 

9-  545*2 

10.  45488 

10. 02521 

10.  48009 

40 

21 

52027 

97475 

54552 

45448 

C2525 

47973 

39 

22 

52063 

97470 

54593 

45407 

02530 

47937 

s8 

23 

52099 

97466 

54633 

45367 

02534 

4.7901 

27 

24 

52*35 
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54673 

45326 

02539 

4.7865 

36 

25 

52*71 

97457 

547*4 

45286 

02543 

47829 

35 

26 

52207 

97452 

54754 

45246 

02547 

47793 

34 

27 

52242 

97448 

54794 

45206 

02552 

47758 

33 

28 

52278 

97444 

54834 

45165 

02556 

47721 

32 

29 

52314 

97439 

54875 

45125 

02561 

47686 

3, 

30 

9.  52349 

9-  97435 

9.  54915 

ic.  45085 

10-  02565 

10.  47650 

3° 

31 

52385 

97430 

54955 

45045 

02570 

47615 

L 

32 

52421 

97426 

54995 

45005 

02574 

47579 

28 

33 

52456 

97421 

55035 

44965 

02579 

47544 

27 

34 

52492 

974*7 

55075 

44925 

02583 

217508 

26 

35 

52527 

97412 

55**5 

44885 

02588 

47472 

2C 

36 

52563 

97408 

55*55 

44845 

02592 

47437 

24 

37 

52598 

9740  3 

55*95 

44805 

02597 

47402 

1  ^3 

38 

52634 

97399 

55235 

44765 

02601 

47366 

22 

39 

52669 

97594 

53275 
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21 

40 
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44645 

02615 

47260 

19 

42 
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97381 

55395 

44605 

02619 

47225 

18 

43 
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97376 

55434 

44566 

02624 

47*89 

17 

44 

52846 

97372 

55474 

44526 

0262S 

47*54 

16 

45 
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97367 

555*4 

44486 

02.633 

47**9 

15 

46 

52916 

97362 
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44446 

02637 

47084 

*4 

47 
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9735s 

55593 

44407 

02642 

47049 

17 

48 

52986 

97353 

55633 

44367 

02646 

470*4 

12 

49 

53°2  * 

97349 

55673 

44327 

02651 

46978 

II 

5° 

9-  53056 

9-97344 

9-  557*1 

10.  4428S 

10.  0265b 

IO.  46047 

IO 

5i 

53°9* 

97340 

55752 

44248 

02660 

46908 

9 

52 

53126 

97335 

5579* 

44209 

02665 

46073 

8 

53 

53161 

9733* 

5583* 

44*69 

02669 

46839 

7 

54 

53196 

97326 

55870 

44130 

02674 

46804 

6 

55 

53231 

97321 

55910 

44090 

02678 

46769 

5 

56 

53266 

973*7 

55949 

4405 1 

02683 

46734 

4 

57 

533°* 

973x2 

55983 

4401 1 

02688 

46690 

3 

53 

53336 

97308 

56028 

43972 

C2692 

46664 

2 

59 

5337° 

97303 

56067 

43933 

02697 

46630 

1 

DO 

_ 53405 

97299 

56107 

43843 

02701 

46595 

0 

Co-  line. 

Sine. 

Co-tang. 

Tangent. 

Co-fccm. 

Secant. 

Degress,  [n] 


A  Tabic  of  Artifical  Sines,  Tang,  and  Sec.  20  Degrees. 


M.  | 

Sine.  I 

Co-line. 

Tang. 

Co-tang. 

Secant. 

Co-uxant. 

0  1 

9-  53405 

9.  97299 

9.  56107 

*0-43*93 

10.  02701 

10.46595 

1  1 

53440 

9<2S4 

56146 

43*54 

02706 

46560 

2 

53474 

97289 

56185 

43**4 

02710 

46525 

3 

53)09 

97285 

56224 

43776 

02715 

46491 

4 

53544 

97280 

56264 

4373s 

02720 

46456 

5 

53578 

972-75 

56303 

43697 

02724 

46422 

6 

53613 

97271 

56342 

43658 

C2729 

46387 

7 

53647 

97266 

5638* 

43619 

02734 

46353 

8 

53682 

97262 

56420 

43580 

02738 

46318 

9 

53716 

97257 

56459 

4354* 

02743 

46284 

IO 

9-  5 3 75 1 

9.  97252 

9.  56498 

10.  43502 

10.  02748 

10. 46249 

I  I 

53785 

97248 

56537 

43463 

02752 

46215 

12 

53819 

97243 

56576 

43424 

02757 

46181 

13 

53s54 

9_238 

56615 

433*5 

02762 

46146 

14 

53888 

97234 

56654 

4334s 

02766 

46 1 12 

15 

53922 

97229 

56693 

433°7 

■0277  * 

46078 

l6 

53956 

97224 

56732 

43268 

02775 

46043 

17 

5  399 1 

97220 

567711 

43229 

02780 

46009 

18 

54025 

97215 

56810 

43*90 

02785 

45975 

19 

54059 

97210 

56849 

45*5* 

02789 

45941 

20 

9.  54093 

q.  Q7206 

9.  56887 

xo.  431*3 

10.  02794 

10. 45907 

21 

54127 

97201 

56926 

43074 

02799 

45*73 

22 

54lSl 

97196 

56965 

43035 

02804 

45*39 

23 

54195 

97192 

57003 

42996 

02808 

45805 

24 

54229 

97187 

57042 

42558 

02813 

4577' 

25 

54263 

97182 

57081 

429*9 

028*8 

45737 

26 

54297 

97178 

57119 

42880 

C2822 

457°3 

*7 

54331 

97173 

57*5* 

42842 

02827 

45669 

28 

54365 

97168 

57*97 

42803 

02832 

45635 

29 

54399 

97163 

57235 

42765 

02836 

45601 

30 

9-  5443  2 

S-  97*59 

9-  57274 

io.  42726 

10.  02841 

10.  45567 

31 

54466 

97*54 

573*2 

426SS 

02846 

45534 

32 

5450° 

97149 

5735* 

42649 

02851 

45500 

33 

54534 

97145 

573*9 

42611 

02855 

45466 

34 

54567 

9*’  140 

57528 

42572 

02860 

45433 

35 

54601 

97135 

57466 

42534 

02865 

45399 

36 

54s35 

97130 

57504 

42496 

02870 

453SS 

37 

54668 

97126 

57543 

42457 

02874 

45332 

38 

54702 

97121 

575** 

424*9 

02879 

45298 

39 

■  54733 

97116 

57619 

42381 

02884 

45265 

40 

9.  54769 

9. 97m 

9-57658 

*0.  42342 

IO-  O2S89 

*o.  45231 

41 

54802 

97106 

57696 

42304 

02893 

45198 

42 

54836 

97*02 

5  7  "34 

42266 

02898 

45164 

43 

54869 

97097 

57772 

42228 

02903 

45*3* 

44 

54903 

97092 

57Sro 

42190 

C2908 

45°97 

45 

54936 

97087 

57*49- 

42151 

02913 

45064 

46 

54969 

970S3 

57**7 

42113 

02917 

45031 

47 

55c03 

97078 

57925 

42075 

02922 

44997 

48 

55036 

97°"3 

57963 

42037 

02927 

44964 

49 

<5069 

9706S 

57001 

4*999 

C2932 

4493* 

5° 

9.  1:5102 

9.  97063 

9.  58039 

10.  41961 

10.  02936 

10-44*9* 

51 

55136 

97059 

58077 

41923 

02941 

44864 

52 

55 1 69 

97054 

5***5 

4 1 88  5 

02946 

44*3* 

53 

55202 

97°49 

5**53 

41847 

02951 

4479* 

54 

5  5235 

9"°44 

5**9* 

4i8c9 

02956 

44765 

55 

55268 

97039 

58229 

4177* 

02961 

44732 

56 

S53°J 

97034 

58266 

41733 

02965 

44699 

57 

55334 

97030 

5*5  °4 

41696 

02970 

4466  a 

5S 

55367 

97025 

5*342 

41653 

02975 

44633 

59 

C  "ACO 

97020 

58380 

41620 

02980 

44600 

60 

55433 

9-01  «; 

534*3 

41582 

C2985 

44567 

Co-line. 

Sine. 

Co-tang. 

Tangent. 

Co-iecant. 

Secant. 

60 

59 

5« 

57 

56 

55 

54 

53 

S2 

5* 


5° 

49 

48 

47 

46 

45 

44 

43 

42 

4i 

40 

39 

38 

3" 

36 

35 

34 

33 

32 

31 

30 

2  9 
28 
27 
26 

25 

24 

23 

22 

21 

20 

19 

18 

17 

16 

15 

>4 

*3 

12 

II 


10 

9 

8 

7 

6 

5 

4 

3 

2 

1 

o 


M.  j 


69  Degrees, 


A  Table  of  Artificial  Sines,  Tang,  and  Sec.  21  Degrees. 


M. 

Sine. 

Co-fine. 

Tang. 

Co-tang. 

Secant. 

Co-fecant. 

o 

9-  55433* 

9.  97015 

9.  58418 

10.  41582 

10.  02985 

10.  44568 

60 

I 

53466 

97010 

58455 

41544 

02990 

44534 

59 

2 

55499 

97005 

58493 

41507 

02994 

44501 

58 

3 

55531 

97001 

58531 

4*4^9 

02999 

44468 

57 

4 

55564 

96996 

58569 

41431 

O3OO4 

V  4443 6 

56 

S 

55597 

96991 

58606 

4*394 

03009 

44405 

55 

6 

55630 

96986 

58644 

41356 

030I4 

44370 

54 

7 

55663 

96981 

58681 

41318 

03019 

44337 

53 

8 

55695 

96976 

58719 

41281 

03023 

44305 

52 

9' 

55728 

96971 

58757 

41243 

C>3029 

44272 

5* 

10 

9.  55761 

Q.  96966 

9.  58794 

10.  41206 

10.  03033 

10.44239 

5° 

1 1 

55793 

96962 

58832 

41168 

03038 

44207 

49 

12 

55826 

9e957 

58869 

4**3* 

<*3°43 

44*74 

48 

1 3 

55858 

96952 

58907 

41093 

03048 

44142 

47 

14 

55891 

96947 

58944 

41056 

03053 

44109 

46 

13 

55923 

96942 

58981 

41019 

03058 

44077 

45 

16 

55956 

96937 

59019 

>.4098.1 

03063 

44044 

44 

17 

55988 

96932 

59056 

40944 

03068 

44012 

43 

18 

56021 

96927 

59093 

40906 

03073 

43979 

42 

>9 

56053 

96922 

59*3i 

40869 

03078 

43947 

4* 

20 

9.  560S5 

9.  96917 

q.  39168 

TO.  40832 

10.  030S3 

10.  43914 

40 

21 

56118 

96912 

59205 

40795 

03088 

43882 

39 

22 

56150 

96907 

59243 

4°757 

03093 

43850 

38 

23 

56182 

969O2 

59280 

40720 

03097 

43818 

37 

24 

56215 

96898 

593*7 

4O683 

03102 

43785 

25 

56247 

96893 

59354 

40646 

03x07 

43753 

35 

26 

56279 

968S3 

5939i 

40605 

031 12 

43721 

34 

27 

56311 

96883 

59428 

4057I 

031 17 

43689 

33 

28 

56343 

96878 

59466 

40534 

03122 

43657 

32 

29 

56375 

96873 

595°3 

40497 

03127 

43624 

3* 

30 

9.  56407 

g.  96868 

9.  59540 

10.  40460 

10.  03132 

10.43592 

3° 

3li 

50440 

96863 

59577 

40423 

03137 

43560 

29, 

32 

56472 

96858 

59614 

403S6 

03142 

43528 

28 

33 

56504 

96853 

59651 

40349 

03147 

43496 

27 

34 

56536 

96848 

59688 

40312 

03152 

43464 

26 

35 

56568 

96843 

59725 

40275 

03157 

43432 

25 

36 

56599 

96838 

59762 

4023S 

03162 

43400 

24 

37 

56631 

96833 

59798 

40201 

03167 

43369 

23 

38 

56663 

96828 

59835 

40165 

03172 

43337 

22 

39 

56695 

96823 

59872 

40128 

03177 

43305 

21 

40 

9.  56727 

9.  96818 

9.  59909 

10.  40091 

10.  03)82 

10.  43273 

20 

41 

56759 

96813 

59946 

40054 

03187 

43241 

*9 

42 

56790 

■96808 

59983 

40017 

03192 

43210 

18 

43 

56822 

96803 

60019 

399s* 

03197 

43*78 

*7 

44 

56854 

96798 

60056 

39944 

03202 

43146 

l6 

45 

56S84 

9^793 

60093 

39907 

03207 

43**4 

*5 

46 

56917 

96788 

60130 

39870 

03212 

43083 

*4 

47 

56949 

96783 

60166 

39834 

03217 

43°5* 

*3 

48 

c6q8o 

96777 

■60203 

39797 

03222 

43020 

12 

49 

57012 

•96772 

60239 

39760 

03227 

42988 

II 

5° 

9.57043 

9.  96767 

9.  60276 

10.  39724 

10.  03232 

10.  42956 

IO 

51 

57075 

96762 

■60313 

79687 

07278 

42925 

9 

52 

57107 

96757 

60349 

3965* 

03243 

42S93 

8 

53 

57138 

96752 

60385 

39614 

03248 

42862 

7 

54 

57169 

96747 

60422 

39578 

03253 

42830 

6 

55 

57201 

96742 

60459 

3  6  54* 

03258 

42799 

5 

56 

57232 

96737 

60495 

39505 

03263 

42768 

4 

57 

57264 

96772 

60532 

79468 

03268 

42736 

3 

58 

57295 

96727 

60368 

39432 

03273 

42705 

2  ! 

59 

57326 

96722 

60605 

39395 

0 

CO 

00 

42674 

I  i 

60 

.  57357 

96717 

60641 

39359 

03283 

42642 

0  3 

Co  fine. 

Sine. 

Co-tang. 

Tangent. 

Co-fecant. 

Secant. 

M.  { 

6i  Degree*.  [  IW  | 


A  Table  of  Artificial  Sines,  Tang,  and  Sec.  24.  Degrees. 


;  M. 

Sine. 

Co  line. 

Tangent. 

Co- tang. 

Secant. 

Co-lecant. 

- 1 

O 

9.  60931 

9.  96073 

9.  64S5S 

10.  35142 

10.  03927 

10.  3Qo6q 

60 

1 

60960 

96067 

64896 

35108 

03933 

39040 

59 

2 

6-988 

96062 

64022 

35074 

03938 

390,2 

5s 

3 

6  joi6 

Q  JO  ^  3 

64960 

35°44 

03944 

38984 

57 

4 

61045 

96050 

64994 

35006 

03949 

38955 

56 

5 

61073 

96045 

65028 

?49/2 

°3955 

3S927 

55 

6 

61 IOI 

90039 

65P62 

3493  s 

0396, 

38S99 

54 

7 

61119 

96033 

65096 

34904 

03967 

38871 

53 

8 

61158 

96028 

65,30 

34870 

03972 

38842 

i2 

9 

61189 

J)fioz2 

65146 

34836 

03978 

388,4 

5i 

JO 

9,  61214 

9.  q^oio 

9.65,97 

iu.  34803 

10.03983 

,0.  3S786 

5° 

1  11 

61242 

960, , 

65231 

34769 

03989 

38758 

49 

j  12 

61270 

96005 

65265 

34735 

03995 

38720 

48 

i  13 

61298 

95999 

65299 

34701 

O4OOO 

3S702 

47 

1  T4 

61326 

95994 

65333 

34667 

■04006 

38674 

46 

IS 

6*354 

.95988 

6  3306 

34634 

04012 

38645 

45 

1  16 

613S2 

959S2 

65400 

34600 

c+0,7 

386,7 

44 

;  17 

61410 

95977 

65434 

34560 

04023 

38589 

43 

;  18 

6,438 

95971 

65467 

34533 

04029 

38361 

42 

:  ts 

61406 

95965 

65501 

34*99 

c40  34 

38533 

,4' 

j  20 

9.  6,494 

9.  95960 

9-  65535 

10.  34465 

10.C4040 

JO-  38506 

40 

<  21 

6,5,?. 

95954 

65568 

34432 

04046 

38478 

39  l 

|  22 

61550 

95948 

65602 

3439s 

04052 

3S450 

3s 

1  23 

61578 

95942 

65636 

34364 

04057 

38422 

37 

,  24 

61606 

95957 

65669 

3433' 

04063 

38394 

36 

25 

6,634 

9593' 

65703 

34297 

04069 

38366 

5  6 

26 

61602 

95925 

65736 

34264 

04075 

38338 

34 

27 

61689 

93919 

■65:70 

34230 

04080 

3S3" 

33 

28 

617,7 

95914 

65803 

34'97 

04086 

38283 

32 

29 

6172.5 

0590S 

65837 

34165 

04c  9  2 

31 

,  30 

9-  61773 

9.  95302 

9.  65870 

,o-  341 ;o 

10.  04098 

lc.  58227 

3° 

J* 

61800 

95896 

65904 

34096 

04103 

38199 

29 

3* 

61S28 

95S91 

65957 

34063 

04,09 

38171 

28 

33 

6,856 

958s5 

65974 

34029 

04,15 

38144 

34 

6 1883 

95879 

66004 

33996 

04,2, 

38117 

26 

S5 

61911 

95873 

66038 

33962 

04127 

58089 

25 

36 

6,939 

9586S 

66071 

33929 

0  4  *  3  - 

3S06, 

24  ; 

37 

61966 

95862 

66,04 

33896 

04 1 48 

3S034 

23 

38 

61994 

95856 

66,3s 

33S62 

04144 

38006 

49  1 

- ’  ) 

1 3° 

6202 1 

95850 

60,71 

33819 

04150 

5-9-9 

2, 

1 40 

q.  62049 

9.  95844 

9. 66204 

,0.  3379s 

,o.  04155 

10.  3795, 

20  ! 

1 41 

6207b 

95838 

66238 

33762 

0416, 

37924 

19  j 

41 

62,04 

95833 

6627, 

33729 

04,6- 

37896 

i3 

43 

62,31 

95S27 

66304 

33696 

04173 

37869 

17 

!  44 

62159 

95821 

66337 

33662 

04179 

37^41 

iO 

45 

62,86 

95815 

6637, 

33629 

04185 

378,4 

*5 

46 

622,3 

05810 

66404 

33596 

C4I9O 

37786 

14  • 

47 

6224, 

95804 

66437 

33503 

04196 

37759 

15 

i  48 

6226S 

95798 

66470 

3353° 

04202 

37732 

12 

:  49 

62296 

95792 

66503 

5  3496 

04208 

3"7C4 

11  j 

;  5° 

9  62323 

9.95786 

9.  66537 

,0.  33465 

,0.  04214 

10.  376-7 

10  i 

:  51 

62350 

957S0 

66570 

3343° 

C4220 

37650 

9  1 

i  5 2 

62377 

95775 

66603 

33394 

04225 

37623 

8 

!  53 

62405 

95769 

66036 

33367 

0423, 

37595 

7 

54 

62432 

95763 

66669 

3333  ' 

04237 

37568 

6 

:  55 

62459 

95757 

60  “02 

33298 

04243 

37541 

5 

i  5& 

62486 

95751 

66735 

33265 

C4249 

37514 

4 

;  57 

625,3 

95745 

66-68 

33232 

04255 

37486 

3 

!  5s 

6254, 

95736 

66801 

35199 

04261 

37459 

2  1 

!  59 

62568 

95733 

66834 

33166 

04266 

37432 

1  j 

J  oc 

62595 

95728 

66867 

33135 

04272 

374°S 

0  j 

Co- fine. 

Sine. 

Co- tang. 

Tangent. 

Co  fecant. 

Secant. 

M.  i 

65  Degrees. 


A  Table  of  Artificial  Sines,  Tang,  and  Sec.  25  Degrees. 


M. 

Sine. 

Co-line. 

l'anaeiii. 

Co- tang. 

Secan  . 

|  Co-  ccant. 

O 

9. 62595 

9.957*8 

9.  66S67 

10.  33133 

10.  04272 

10. 37405 

60 

I 

62622 

95722 

66900 

33 100 

04278 

3737s 

59 

2 

62649 

95716 

66933 

33067 

04284 

373  5 1 

5s 

3 

62676 

95710 

66966 

33°34 

O429O 

373*4 

57 

4 

62703 

95704 

66999 

33001 

04296 

37297 

56 

5 

62730 

95698 

67032 

32968 

04302 

37270 

55 

6 

62757 

95692 

67065 

3*935 

04308 

37243 

37*16 

54 

7 

62784 

95686 

6709S 

329O2 

04314 

S3 

8 

62811 

95680 

67131 

32869 

04320 

37189 

5* 

9 

62838 

93674 

67163 

32836 

04326 

37162 

5T 

IO 

q.  62865 

q.  q  3668 

9.  67196 

10.  32804 

IO. 04332 

10.  37135 

5° 

I  I 

62S92 

95662 

67229 

32771 

°4337 

37108 

49 

12 

629  iS 

9^57 

67262 

3*73s 

04343 

37082 

48 

13 

62945 

95651 

67295 

3*705 

04349 

37055 

47 

r4 

62972 

9-5645 

67327 

67360 

32672 

°4355 

37028 

46 

IS 

62999 

95639 

32640 

O43OI 

37001 

45 

16 

63025 

95633 

6/393 

32607 

0436; 

36974 

44 

17 

63052 

95627 

67426 

3*574 

°4373 

36948 

43 

18 

63079 

95621 

67458 

32542 

04379 

36921 

4* 

19 

63106 

95615 

67491 

32509 

04^85 

36894 

41 

20 

9.  63133 

9.  95609 

9.  67524 

10. 32476 

10.  0439  r 

10.  36S67 

40 

21 

63160 

95693 

67556 

3*444 

04397 

36841 

39 

22 

63186 

95597 

67589 

3*411 

04403 

368 14 

3s 

*3 

65212 

95591 

6;b22 

32378 

04404 

36787 

37 

24 

63239 

95585 

67654 

3*346 

04415 

36761 

36 

25 

63266 

95579 

67687 

32313 

04421 

36734 

35 

26 

63292 

95573 

67719 

32281 

04427 

36708 

34 

27 

65319 

95567 

67752 

32248 

°4433 

36681 

33 

28 

63345 

95561 

677s5 

3*215 

04439 

36655 

3* 

29 

63372 

95555 

67817 

3*183 

°4445 

36628 

31 

3° 

y.  63398 

9-  95549 

9.  67850 

10.  32150 

IO.  04451 

io-  36602 

Z° 

31 

63425 

95543 

67882 

32118 

04457 

36575 

*9 

32 

63451 

95537 

6  7  9 1 5 

32085 

04463 

36549 

2$ 

33 

63478 

9  55  3 1 

67947 

3*053 

04469 

36522 

27 

34 

63504 

955*5 

67979 

32020 

04475 

36496 

26 

35 

63531 

955*9 

68032 

31988 

04481 

36469 

*5 

36 

63557 

9  5  5  2  3 

68044 

31956 

04487 

36443 

24 

37 

63583 

95506 

68077 

3T9*3 

04493 

364*7 

*-3 

38 

63610 

95500 

68x09 

31891 

04499 

36390 

22 

39 

6363Q 

9  5494 

68142 

31858 

04505 

36364 

21 

40 

q.  63602 

9.95488 

g.  68  174 

10.  31826 

10. 045  1 1 

10.  36338 

20 

41 

6368q 

95482 

68206 

31794 

04518 

36311 

*9 

42 

63715 

95476 

68239 

31761 

04524 

36285 

18 

43 

63741 

95470 

68271 

31729 

04530 

36*59 

17 

44 

63767 

95464 

68703 

31697 

04536 

36233 

l6 

45 

63793 

9  545s 

68  3  26 

31664 

04542 

36206 

15 

46 

63820 

9S452 

68368 

33632 

.04548 

36180 

14 

47 

65S46 

95446 

6S4.00 

31600 

04554 

36i54 

*3 

4S 

49 

63872 

63898 

95440 

93433 

68432 
6846  3 

3I56S 

31535 

04560 

04566 

36128 

36102 

12 

II 

5° 

9.  63924 

9-954*7 

9.  68437 

10-  31503 

10.  04572 

10.  36076 

IO 

51 

63950 

95421 

6 '5*9 

3  T47 1 

04579 

36050 

9 

52 

63976 

95415 

68561 

3  *439 

04535 

36024 

8 

S3 

64002 

95409 

68593 

3-407 

04591 

3599s 

7 

54 

64028 

95403 

68625 

3*374 

04597 

3597* 

6 

55 

64034 

95397 

6SS58 

3*34* 

04603 

35946 

5 

56 

64080 

95'9i 

63690 

3 1 3 1 0 

O4OO9 

35920 

4 

57 

64106 

953s4 

6j722 

3127s 

046 1 5 

35s94 

3 

58 

64132 

9537s 

68754 

31246 

04  ->21 

35868 

2 

59 

64158 

95  3  72 

68  786 

31214 

04628 

35s4* 

1 

60 

64184 

95366 

688  rS 

71182 

04634 

75816 

0 

Co- fine. 

Sine. 

Co- tan 

Tangent.  | 

Co-  iecant. 

Secant. 

M. 

04  Degrees. 


A  Table  of  Artificial  Sines,  Tang,  and  Sec.  26  Degrees. 


I  M. 

Sine. 

Co-line. 

9. 95366 
95360 
95354 
95347 

9534* 

95335 

95329 

95323 

95317 

95310 

Tangent. 

9.  68818 
68850 
68882 
68914 
68946 
68978 
69010 
69042 
69074 
69106 

Co-tang. 

Secant. 

Co-fccant. 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

9.  64184 
64210 
64256 
64262 
64288 

643*3 

64339 

64365 

64591 

64416 

10.  31102 
3**49 
3'i*8 

3io36 

31054 

31022 

30990 

30956 

30928 

30894 

10.  04634 
04640 
04646 
04652 
04659 
04665 
04671 
04677 
04683 
04690 

10.  35816 
35790 
35764 
35738 
357*2 
35686 
35661 

35f35 

35609 

3Sc8i 

60 

59 

58 

57 

56 

55 

54 

S3 

52 

5* 

IO 

9.  64442 

9.95304 

9.  69138 

10. 30S62  I 

10.  04696 

10.  35558 

50 

II 

64468 

95298 

69170 

30830 

04702 

35532 

49 

12 

64494 

95292 

69202 

30798 

04708 

35506 

48 

13 

64519 

95285 

69234 

30766 

04714 

35481 

47 

14 

*>4545 

95279 

69266 

3°734 

04721 

35+55 

46 

*5 

64571 

95273 

69297 

30702 

04727 

35429 

45 

l6 

64596 

95207 

69329 

30671 

°4733 

35404 

44 

17 

64622 

95261 

69361 

30639 

04739 

35328 

43 

l8 

64647 

95254 

69393 

30607 

04746 

353  03 

42 

19 

64673 

95248 

6942? 

30575 

04752 

35327 

-4* 

20 

9.  64698 

9.  95242 

9.  69457 

10.  30541 

10.  04758 

10.  35302 

40 

21 

64724 

95236 

69488 

30512 

04764 

35^6 

39 

22 

64749 

95229 

69520 

30480 

0477* 

35251 

38 

S3 

64775 

95223 

69552 

30448 

04777 

35225  - 

17 

24 

64800 

95217 

69583 

30436 

04783 

35200 

36 

25 

64826 

95210 

69615 

30385 

04789 

35*74 

15 

26 

64851 

95204 

69647 

30353 

04796 

35*49 

34 

27 

64877 

95198 

69779 

30321 

04S02 

35*23 

11 

28 

64902 

95192 

69710 

30290 

04S08 

35098 

22 

29 

64927 

95185 

69742 

30258 

04815 

3  5073 

31 

3° 

9.64953 

9.95179 

9.  69774 

10. 30226 

10.  04821 

10.  35047 

3° 

31 

65978 

95173 

69805 

30195 

04827 

35022 

29 

32 

65003 

95106 

69837 

30163 

04833 

34997 

28 

33 

65029 

95160 

69868 

30131 

04840 

3497* 

27 

34 

65054 

95154 

69900 

30100 

04846 

34946 

26 

35 

65079 

95148 

69932 

3006s 

04852 

34921 

25 

36 

65104 

95i4‘ 

69963 

30037 

04859 

34896 

24 

37 

65i3° 

95135 

69995 

30005 

04865 

34870 

23 

38 

65155 

95129 

70026 

299:4 

04S71 

34845 

22 

39 

65180 

95*22 

70058 

29942 

04878 

34820 

21 

40 

9.65205 

9.95116 

9.  700  S  9 

ic.  29911 

10.  04884 

jo.  34795 

20 

4* 

65230 

95**° 

70121 

29879 

04890 

3477° 

10 

42 

65255 

95103 

70152 

2984° 

04897 

34744 

iS 

43 

65281 

95097 

70184 

29816 

04903 

347*9 

*7 

44 

65306 

95090 

70215 

29785 

04909 

34694 

16 

45 

65331 

95084 

70247 

297J3 

04916 

34063 

15 

46 

65356 

95078 

70278 

29722 

04922 

34644 

*4 

47 

65381 

95071 

70309 

29690 

04929 

34619 

*3 

48 

65406 

95065 

70341 

29659 

04935 

34594 

12 

49 

65431 

ceoeg 

70772 

29628 

04941 

34569 

I  ( 

5° 

9.  65456 

9.  95052 

9.  70404 

10.  29596 

10. 0494S 

10.  34544 

IO 

5i 

65481 

95046 

70435 

29565 

04954 

345*9 

9 

52 

65506 

95039 

70466 

29534 

04961 

34494 

8 

53 

65531 

95°33 

70498 

29502 

04907 

34469 

7 

54 

65556 

95027 

70529 

2947* 

04973 

34444 

6 

55 

65580 

•95020 

70560 

29440 

04980 

344*9 

5 

56 

65605 

95014 

70592 

29408 

C49S6 

34395 

4 

57 

65630 

95007 

70623 

29377 

04993 

34370 

3 

58 

65655 

95001 

70654 

29346^ 

04999 

34345 

2 

59 

65680 

94994 

70685 

293*5 

05005 

34320 

* 

DO 

65705 

94988 

70717 

29283 

o;oi2 

34295 

O 

Co -fine. 

Sine. 

Co- tang. 

i  Tangent. 

Co  lecant. 

i  Secant. 

!  KiT 

63  Degree'. 


A  Table  of  Artificial  Sines,  Tang,  and  Sec. _ 27  Decree?. 


I  M.l 

Sine. 

Co-fine. 

Tangen 

go-tang. 

Secanf.  | 

Co  fecan.  | 

:T 

9-65705 

9. 94988 

9- 7° 7 1  7 

10.  29283 

IO. 05012 

10.34295 

60 

1 

65/29 

94982 

70748 

292  52 

05018 

34270 

59 

2 

65754 

94975 

7°779 

29221 

0  5025 

34246 

5'8 

3 

65  779 

94969 

70810 

291 90 

0503 1 

34221 

5  7 

4 

65804 

94962 

70841 

29159 

0  5038 

34196 

56 

5 

65828 

949  5  6 

70873 

29127 

05044 

34172 

55 

6 

65853 

94949 

70904 

29096 

05051 

34147 

54 

65878 

94943 

7093  5 

29065 

9505; 

341-2 

S3 

8 

65902 

94936 

70966 

29034 

O5064 

34097 

52 

9 

65927 

9493° 

70997 

2  9003 

0  5070 

34073 

5 1 

10 

9. 65952 

9-94923 

9. 71028 

10. 28972 

lo.  0507b 

1 0. 34048 

5° 

1 1 

65976 

94917 

71059 

28941 

05083 

34024 

49 

12 

66001 

94910 

7IO9O 

28910 

05089 

33999 

48 

13 

66025 

94904 

7  I  121 

28878 

05096 

33974 

47 

14 

66050 

94897 

71152 

2S847 

05192 

33950 

46 

66075 

94891 

71184 

28816 

05109 

3  3  9 2  5 

45 

i  6 

66099 

94884 

71215 

28785 

05115 

33901 

44 

1  ? 

66124 

94878 

71246 

28754 

05122 

33*76 

43 

is 

66I48 

94871 

71277 

28723 

05128 

33852 

42 

19 

66173 

94865 

7 1 308 

28  692 

05 '3  5 

33827 

41 

20 

9. 66197 

9.94858 

9- 71339 

10. 28661 

jo. 05142 

10. 33803 

40 

2  1 

66221 

94852 

71370 

28730 

05148 

33779  . 

39 

22 

66246 

94845 

7 1 400 

28599 

05155 

33  7  54 

38 

23 

66270 

94839 

71431 

28668 

05161 

3373° 

37 

24 

66295 

94832 

7 1 462 

28538 

05 1 68 

33705 

36 

25 

66319 

948:6 

71493 

28507 

05174 

3368  1 

35 

26 

66343 

94819 

71524 

28476 

05181 

33657 

34 

27 

66368 

94813 

71555 

28445 

05187 

33632 

33 

28 

66392 

94806 

71586 

28414 

05194 

33608 

32 

29 

66416 

94799 

71617 

28383 

0  5200 

33  5S4 

3i  . 

30 

9.  66441 

9-94793 

9. 71648 

lo. 28352 

IQ. 05207 

'0-33559 

30 

31 

66465 

94786 

71678 

28321 

05214 

33535 

29 

32 

66489 

94780 

71709 

28291 

05220 

3351  1 

28 

33 

66513 

947  73 

71740 

28260 

05227 

334*7 

27 

34 

66537 

94766 

71771 

28229 

05233 

33462 

26 

3  S 

66562 

94760 

51802 

28  198 

O524O 

3343* 

25 

36 

66586 

94753 

71832 

28167 

05247 

33414 

24 

37 

66610 

94747 

71863 

28137 

05253 

33390 

23 

33 

66634 

94740 

71894 

28106 

05260 

33366 

22 

39 

66658 

Q4733 

71925 

28075 

05266 

33342 

21 

40 

9. 66682 

9.94727 

9- 71955 

10. 28044 

10.05273 

10. 3331* 

20 

41 

*  66706 

94720 

7 1986 

280I4 

05280 

33293 

19 

42 

66730 

94714 

72017 

27983 

05286 

33269 

18 

43' 

66755 

94/07 

72048 

27952 

05293 

33245 

17 

44 

66779 

94700 

72078 

27922 

05300 

33221 

16 

45 

66803 

94694 

72109 

27891 

05306 

3  3 1 9  7 

15 

46 

66827 

94687 

72140 

27860 

05313 

33173 

14 

47 

66851 

94680 

72  i  70 

27830 

05320 

33149 

13 

48 

66875 

946/4 

72201 

27799 

05326 

33125 

12 

49 

66898 

94667 

72231 

27768 

05333 

33101 

I  I 

5° 

9. 66922 

q. 94660 

9. 72262 

10.27738 

10. 0534.0 

io.33077 

IO 

5« 

66946 

94654 

72293 

27707 

05346 

33054 

9 

52 

66970 

94647 

72323 

27678 

°S353 

33030 

8 

53 

66994 

94640 

72454 

27646 

05360 

33006 

7 

54 

67018 

94634 

72384 

27616 

05366 

329*2 

6 

55 

67042 

94627 

72415 

27585 

05373 

3295* 

5 

5" 

67066 

94620 

72445 

27555 

05380 

32934 

4 

57 

67090 

94614 

72476 

27524 

05386 

32910 

3 

58 

67113 

94607 

72506 

27493 

05393 

32887 

2 

59 

67137 

94600 

72537 

27463 

O54OO 

32863 

1 

60 

67161 

94593 

72567 

27433 

0  5  40  6 

32839 

0 

Co-fine. 

Sine. 

Co-tang. 

[Tangent. 

Co-fecan. 

Secant. 

M, 

[  0  3 

62  Degrees 

A  Table  of  Artificial  Sines,  Tang,  ami  Sec.  28  Degree*. 


h'-  • 

Sine. 

Co-tin-  . 

Tang. 

Co- tang. 

Sec.mt. 

Co-fecan. 

1  0 

9.67161 

9- 94593 

9. 72507 

10.27433 

10.  05406 

10.  32839 

Oo 

1 

67185 

94587 

72598 

27402 

o54'3 

32815 

59 

2 

67208 

94580 

72628 

27372 

05420 

32792 

58 

3 

67232 

94573 

72659 

27341 

05427 

32763 

57 

4 

67256 

-  94567 

72689 

27311 

05433 

32744 

56 

5 

67279 

94560 

72720 

27280 

05440 

32720 

55 

6 

67307 

94553 

72750 

27250 

05447 

32697 

Sf 

7 

67327 

94546 

72780 

27219 

05454 

32673 

53 

8 

67350 

94540 

72811 

27189 

05460 

32648 

52 

67374 

94533 

72841 

27 1  to 

05467 

32625 

C! 

IO 

9. 67398 

9.94526 

9. 72872 

10.27128 

10.05474 

10. 32602 

50 

1  I 

67421 

94519 

729>2 

27098 

0548 1 

32579 

49 

12 

67445 

94512 

72932 

27068 

05487 

32555 

48 

13 

67468 

94506 

72963 

27037 

05494 

32532 

47 

14 

67492 

94499 

72993 

27007 

05501 

32508 

46 

15 

67  515 

94492 

73023 

26971 

05  508 

32484 

45 

l6 

67539 

944*5 

73053 

26946 

OH'S 

52461 

44 

1 7 

67562 

94479 

73085 

26916 

05521 

32438 

43 

18 

67585 

94472 

73'14 

26886 

05528 

32414 

42 

J9 

67609 

04465 

73'44 

268:6 

05535 

32391 

41 

20 

9.67633 

9.94458 

9-  73175 

10. 26825 

10. 05542 

10.  32367 

40 

2  I 

67656 

9445! 

732oj 

26795 

05549 

32344 

39 

22 

67680 

9444  5 

73235 

26765 

05555 

32320 

38 

23 

67703 

94438 

73265 

26735 

05562 

32297 

37 

24 

67726 

94431 

73295 

26704 

05569 

32274 

36 

25 

67750 

94424 

73326 

26674 

05576 

32250 

35 

26 

67773 

94417 

73356 

26644 

05S83 

32227 

34 

27 

67769 

94410 

73386 

26614 

05590 

32204 

33 

23 

67820 

94404 

73416 

26584 

05596 

321  80 

32 

29 

67843 

94397 

73446 

26554 

05603 

32157 

31 

3° 

9. 67S66 

9.  94190 

9- 73476 

jlo.  26524 

10.05610 

10.  32134 

3o 

31 

67899 

94383 

73507 

i  26493 

05617 

521 10 

29 

32 

67913 

94376 

73537 

26463 

05624 

32087 

28 

33 

67936 

94369 

73567 

26433 

05631 

32064 

27 

34 

67959 

94362 

73597 

26403 

05638 

32041 

26 

35 

67982 

94355 

73627 

26373 

05644 

32018 

25 

36 

68006 

94349 

73657 

26343 

0565 1 

31994 

24 

37 

68029 

94342 

73687 

26313 

05658 

31971 

23 

'  38 

68050 

94335 

737  1  7 

26283 

05665 

31948 

22 

39 

68075 

04328 

73747 

26243 

0:672 

31925 

21 

40 

9. 68098 

9.94321 

9-  73777 

10.  26223 

13. 05679 

10. 31902 

20 

41 

6812  1 

943'4 

738  >7 

26193 

05686 

31879 

19 

42 

68144 

94307 

73837 

26163 

05693 

31856 

18 

43 

68167 

94300 

73867 

26133 

05  700 

31832 

17 

•  44 

68190 

94293 

73897 

26103 

05707 

31809 

16 

45 

68213 

94286 

73927 

26073 

05714 

31786 

15 

46 

68236 

942  79 

73957 

26043 

05720 

31763 

14 

47 

(8259 

94272 

73987 

26013 

05727 

31740 

13 

48 

68282 

94266 

74017 

25983 

°S734 

31717 

12 

49 

63305 

94259 

74047 

25953 

0574-1 

31694 

(  I 

5° 

9. 68328 

9.94252 

9. 74077 

10.  25923 

IO.O5748 

10. 31672 

IO 

5 1 

68351 

9424S 

74107 

25893 

05755 

31649 

9 

52 

68374 

94238 

74136 

25863 

05762 

31626 

8 

53 

6*397 

94231 

74266 

25834 

05769 

31602 

7 

54 

68420 

94224 

74196 

25803 

05776 

31580 

6 

55 

68443 

94217 

74226 

25774 

05783 

31556 

5 

56 

68466 

94210 

74256 

25744 

O579O 

31534 

4 

57 

68489 

94203 

74286 

25714 

05797 

31511 

3 

58 

685 1 1 

94196 

74316 

25684 

05804 

31488 

2 

|59 

68534 

94189 

74345 

2565S 

O58U 

31466 

I 

liL 

6R  5  5  7 

94182 

74375 

25625 

05818 

314+3 

O 

Co -fine. 

Sine. 

Co-fang 

Tangent. 

Co-fecan. . 

-Secant.  . 

M. 

61  Degrees. 


A  Table  of  Artificial  Sines,  Tang,  and  See.  39  Degrees. 


M. 

Sine. 

Co-fine. 

Tang.  | 

Co-tang. 

Secant.  C 

Jo-fecan. 

0 

1 

2 

3 

4, 

5 

6 

7 

8 

9 

9.68557 

68  580 
68603 
68625 
68648 
68671 
68694 
68716 
68739 

68  762 

9. 94182 

94!75 

94168 

94161 

94*54 

94147 

94140 

94»33 

94126 

94i'9 

9-74375 
7440  5 
74435 
74464 
74494 
74524 
74554 
745*3 
74613 
74643 

0.25625 

25595 

25565 

25535 
25506 
25476 
25446 
254*6 
253*7 
2535  7 

0.05818 

05825 

05832 

°S*39 

05846 

05*53 
05860 
05867 
05874 
0588 1 

0.31443 

31420 

3‘397 

3*375 

3'352 

3*329 

31306 

31284 

31261 

3*23* 

60 

59 

5* 

57 

56 

55 

54 

53 

52 

5* 

IO 

9.  68784 

9.94112 

9- 74673 

0-25327 

10.05888 

10. 31216 

50 

I  I 

68807 

94105 

74702 

25298 

05895 

31*93 

49 

12 

68829 

94097 

74732 

25268 

05902 

3**7° 

48 

*3 

68852 

94090 

74762 

25238 

05909 

3**4* 

47 

14 

68875 

94083 

7479‘ 

25209 

05917 

3**25 

46 

15 

68897 

94076 

74821 

25*79 

05924 

3*  *°3 

45 

1 6 

68920 

94069 

74850 

25*49 

0593* 

31080 

44 

•7 

68942 

94062 

74880 

25120 

05938 

31058 

43 

18 

68965 

94055 

74910 

25090 

05945 

3*035 

42 

19 

68987 

94048 

74939 

25061 

05942 

3'o*3 

4* 

20 

9. 69010 

9.94041 

9. 74969 

10. 25031 

10.05959 

10. 30990 

40 

21 

69032 

94034 

74990 

25001 

05966 

30968 

39 

22 

69055 

94027 

75028 

24972 

05973 

3°945 

3* 

23 

69077 

94020 

75058 

24942 

05980 

30923 

37 

'24 

69100 

94012 

75087 

249*3 

05987 

3O9OO 

36 

25 

60122 

94005 

75U7 

24883 

05995 

30878 

35 

26 

69144 

9399* 

75*46 

24*54 

06002 

30856 

34 

27 

69167 

93991 

75176 

24824 

06009 

30833 

33 

28 

69189 

939*4 

75205 

24795 

06016 

30811 

32 

29 

69211 

93977 

75235 

24765 

06025 

30788 

3* 

30 

9. 69234 

9.93970 

9. 75264 

10. 24736 

10.06030 

10. 30766 

30 

3* 

69256 

93962 

75294 

24706 

06037 

30744 

29 

32 

69278 

93955 

75323 

24677 

06045 

30721 

28 

33 

60201 

9394* 

75353 

24647 

06052 

30699 

27 

34 

69323 

93942 

753*2 

24618 

06059 

30677 

26 

35 

69345 

93934 

754** 

24588 

06066 

30655 

25 

36 

69368 

93927 

7544* 

24559 

06073 

30632 

24 

37 

69390 

939‘9 

7547° 

24530 

06080 

30610 

23 

38 

69412 

939>2 

75500 

24500 

06088 

30588 

22 

39 

69434 

939°S 

75529 

2447* 

06095 

30566 

21 

40 

9.69456 

9.93898 

9-  7555* 

10. 24441 

10.06102 

10.30544 

20 

4i 

69479 

93*9' 

755** 

244*2 

06109 

30521 

*9 

42 

69501 

0288a 

75617 

243*3 

06116 

30499 

18 

43 

69523 

938  /6 

75646 

24353 

06124 

3°47  7 

*7 

44 

6954S 

93869 

75676 

24324 

06131 

3°455 

l6 

45 

69567 

93862 

75705 

24295 

06138 

30433 

*s 

46 

69589 

93*55 

75734 

24265 

06145 

30411 

*4 

47 

69611 

93*47 

75764 

24236 

06152 

3t>3*9 

*3 

48 

69633 

93840 

75793 

24207 

06160 

30367 

12 

49 

69655 

93*33 

75*22 

24178 

06167 

30345 

II 

5° 

9.69677 

9. 93826 

9.75852 

10. 24148 

10.06174 

10.30323 

IO 

51 

69699 

93818 

75*** 

24119 

0618  1 

30300 

9 

J2 

69721 

93811 

75910 

24090 

06189 

30278 

8 

53 

69743 

93804 

75939 

24060 

06196 

30256 

7 

54 

69765 

93797 

75969 

24031 

06203 

30235 

6 

55 

69787 

937*9 

7599* 

24002 

06210 

30213 

5 

56 

69809 

937*2 

76027 

23973 

06218 

30191 

4 

57 

69831 

93775 

76056 

23944 

•  6225 

30169 

3 

58 

69*53 

93768 

76086 

239*4 

06232 

30*47 

2 

59 

69875 

93760 

76115 

23885 

06240 

30125 

I 

60 

69897 

93753 

76144 

23856 

06247 

30103 

O 

Co-line. 

|  Sine. 

Co-tang:. 

Tangent. 

Co-fecan. 

Secant. 

M. 

[  c 

2  ] 

60  Degrees. 

A.  Tabic  of  Artificial  Saw*?,  Tang.  ar.J  Sec.  30  Dc-rre*. 


M. 

Co-imc. 

Taugcn . 

_  r> 

Go-  an 3. 

Secant. 

- 

Co-fccan. 

0 

9-  *9*97 

9-  9375  3 

9-  7(144 

10. 238  56 

10. 06247 

lo. XOlo* 

60 

1 

65919 

93'46 

/6173 

23827 

06254 

3008  1 

59 

2 

69941 

93  7  38 

76202 

23:98 

06261 

30059 

58 

3 

69963 

93731 

76231 

23769 

06269 

30037 

57 

4 

69984 

9372J 

76261 

23739 

062  7,6 

30016 

56 

5 

70906 

93716 

76290 

23710 

06283 

29994 

55 

6 

7002S 

93709 

76^9 

2368 1 

06291 

29972 

54 

7 

70050 

93702 

76348 

23652 

0.6298 

25950 

53 

8 

70072 

93*95 

76377 

23*23 

•  063  =  5 

29*28 

52 

9 

7000^ 

03687 

764=6 

21594 

063  1 3 

29907 

Cl 

10 

9. 70U5 

9.93=80 

9- 79435 

10. 23565 

10. 06320 

10. 29885 

50 

1  1 

7  0 1 3  7 

95672 

76464 

23536 

0632-7 

29864 

49 

1  2 

70158 

93663 

76493 

235017 

06335 

25841 

4*4 

1 3 

70180 

93658 

7652.2 

23478 

063^2 

298ZO 

47 

14 

70202 

93650 

76551 

23449 

06349 

29798 

46 

■  s 

70224 

93643 

76580 

23419 

06357 

29776 

45 

16 

70245 

95636 

76609 

23390 

06364 

29755 

44 

17 

70267 

9362.8 

76638 

23361 

06372 

*9733 

43 

1 3 

70288 

93621 

76667 

23332 

06379 

29711 

42 

'9 

70310 

93614 

76696 

23303 

06386 

29690 

41 

2.J 

9- 73332 

9. 93606 

9- 76725 

10.23274 

10.  06394 

10. 29668 

4= 

2  I 

7°353 

93599 

76754 

23245 

064=1 

29647 

39 

22 

70375 

9359.1 

•  76:83 

25217 

0(409 

29625 

3* 

23 

70396 

935*4 

76812 

23188 

06416 

29604 

37 

*4 

.70418 

935  7  7 

-  76841 

23159 

06423 

29582 

36 

25 

70439 

93569 

7  68  ;o 

23130 

06431 

2Qt6o 

35 

26 

70461 

93562 

76899 

23101 

06438 

2  >539 

34 

27 

70482 

93554 

76928 

23072 

06446 

295*7 

33 

28 

70504 

93547 

76957 

23043 

06453 

29496 

32 

2Q 

7°?2t 

93  <39 

760X6 

13=14 

06460 

2947  5 

3« 

33 

9- 7054/ 

9-  93532 

9-  77015 

l=. 22985 

15.06468 

10.29453 

30 

31 

70568 

93525 

7  7044 

22959 

06475 

29432 

29 

32 

70590 

935:7 

7  7°  73 

22927 

06483 

29410 

28 

.33 

706: 1 

9  a  5  1 0 

7  7101 

22927 

0649= 

293s9 

27  4 

3  ri 

70633 

53502 

77130 

22898 

06498 

29367 

26 

3  > 

70654 

93495 

77159 

22870 

0650? 

29346 

25 

36 

706-5 

934*7 

77.188 

22841 

06513 

29325 

24 

37 

70697 

53480 

77217 

-22812 

06520 

29303 

23 

3* 

707 1 8 

93472 

77246 

22783 

06528 

29282 

22 

3Q 

70739 

034*5 

7/274 

22  725 

06535 

29261 

21 

40 

9. 70761 

9-  93457 

9-7:303 

10. 22697 

10.06543 

10.29239 

20 

4' 

70782 

93450 

77332 

22668 

06550 

29218 

19 

42 

70S03 

93442 

77361 

27639 

06558 

29197 

is 

43 

70824 

53435 

7739° 

22610 

06565 

29175 

J  7 

44 

70846 

93427 

774'8 

22582 

06573 

29154 

16 

45 

70867 

53420 

77447 

22553 

06580 

29133 

13 

46 

7=888 

93412 

774/6 

22524 

06588 

29I  12 

'4 

47 

70909 

93405 

77505 

62495 

06595 

29091 

13 

48 

7093' 

93397 

77533 

22467 

06603 

29069 

12 

49 

70952 

93390 

77562 

2243S 

06610 

29028 

r  i 

'  5° 

9- 70973 

9-933*2 

9- 77591 

10. 22409 

10.  06618 

IO. 29027 

10 

sj 

70994 

93375 

77619 

22380 

06625 

29006 

9 

52 

71015 

93367 

■7648 

22352 

06633 

28985 

8 

53 

71036 

93360 

77677 

22323 

06640 

28964 

7 

54- 

7  1057 

93352 

7  7;°5 

22294 

06648 

28942 

6 

55 

7;o79 

53344 

7  7  734 

22266 

06656 

28921 

5 

56 

7 1 1  °° 

93337 

77763 

22237 

06663 

28900 

4 

57 

7U2f 

93329 

7  7  79 1 

22208 

06671 

28879 

3 

5* 

7  >1421 

93322 

77820 

22180 

06678 

28858 

2 

59 

7!l66j 

53314 

77849 

22151 

06686 

28837 

I 

60 

-I I84J 

933°  7 

778-7 

22123 

06693 

28816 

O 

1  Co  <me .  4 

Sine. 

Co-tang. 

Tangent. 

Co-fccan. 

Secant. 

M. 

£9  T> 

egrees. 

. . 

A  Table  of  Artificial  Sines,  Tang,  and  See.  31  Degrees. 


M. 

Sine. 

Co-line. 

|  Tang. 

Co-tang. 

|  Secant,  j 

Co-fecan. 

1 

0 

9. 71184 

9-93307 

9-  7  78  77 

10.22123 

10,06693 

lo. 288  16 

60 

I 

71205 

9i299 

77906 

22094 

06701 

28795 

59 

2 

71226 

93291 

77935 

22065 

06709 

28774 

58 

3 

71247 

93284 

77963 

22037 

06716 

28753 

57 

4 

71268 

93276 

77992 

2Z008 

06724 

28732 

56 

5 

71289 

932-68 

78021 

2  I  980 

06731 

28711 

55 

6 

71310 

93261 

78049 

21951 

06739 

28690 

54 

n 

7 1 33 1 

93253 

78077 

2  1922 

06747 

28669 

53 

8 

7I352 

93246 

78106 

21894 

06754 

28648 

52 

9 

71373 

93238 

78135 

21865 

06762 

28627 

51 

10 

9- 7 1 393 

9- 9323° 

9.  78163 

10. 21837 

10. 06770 

10. 28606 

5° 

1 1 

7i4'4 

03223 

78192 

21808 

06777 

28586 

49 

12 

71435 

93215 

78220 

21780 

06785 

28565 

4^ 

t3 

71456 

93207 

78.249 

21751 

06792 

28544 

47 

14 

7147  7 

93200 

78277 

21723 

06800 

28523 

46 

15 

71498 

93192 

78306 

21694 

06808- 

28502 

45 

l6 

715^5 

9318  + 

78334 

2 1 666 

068  15 

28481 

44 

17 

71539 

93177 

78363 

21637 

06823 

28461 

43 

18 

71560 

93169 

78391 

21609 

06831 

28440 

42 

19 

71581 

93161 

78419 

2 1 580 

06834 

28419 

41 

20 

9. 71602 

9-93154 

9. 78448 

10.  215,2 

10.0684b 

10. 28398 

4° 

21 

71622 

93146 

78476 

21524 

06854 

28378 

39 

22 

71643 

93138 

78505 

21495 

06862 

28358 

38 

23 

71663 

93131 

78533 

21467 

O6869 

28336 

37 

24 

71685 

93123 

78562 

21438 

0687  7 

28315 

36 

25 

7>7°5 

93115 

78590 

21410 

06885 

28295 

35 

26 

71726 

93107 

78618 

21382 

068  92 

28274 

34 

A  ( 

71747 

93100 

78647 

21353 

06900 

28253 

33 

2% 

71767 

93092 

78675 

21325 

06908 

28233 

32  ' 

29 

71788 

93084 

78704 

21296 

06916 

28212 

3'  ; 

3° 

9. 71808 

9-93077 

9. 78732 

10. 21268 

10. 0692  3 

10. 28191 

3° 

31 

71829 

93069 

78760 

21240 

06931 

28171 

29 

32 

71850 

93061 

78789 

21211 

06939 

28150 

28.' 

33 

71870 

93053 

78817 

21183 

06947 

28130 

2-7 

34 

71891 

93046 

78845 

21155 

06954 

28119 

26- 

35 

71911 

93038 

78874 

21126 

06962 

28089 

25 

36 

'1932 

93030 

78902 

2 1098 

06970 

28068 

24 

37 

71952 

93022 

78930 

2  10  70 

06978 

28048 

23 

38 

71973 

93014 

78958 

2IO4I 

06985 

28027 

22 

39 

71993 

9?°0  7 

78987 

21013 

06993 

28006 

21 

40 

9.  72014 

9.92999 

9. 79015 

10. 20985 

10.07001 

10.27986 

20 

41 

72034 

92991 

790  43 

.20957 

07009 

27965 

19. 

42 

72055 

92983 

79072 

20928 

07017 

27945 

18 

43 

■72075 

92975 

79100 

*0900 

07024 

27925 

17 

44 

72096 

92968 

79128 

20872 

07032 

27904 

l6 

45 

72116 

92960 

79156 

20844 

07040 

37884 

IS 

46 

72137 

92952 

79185 

208 1 5 

07048 

27863 

14 

47 

72157 

92944 

79213 

20787 

07056 

27843 

13 

48 

72177 

92936 

79241 

20759 

07064 

27823 

12 

49 

72198 

92929 

79269 

20731 

07071 

27802 

X  I 

5° 

9. 72218 

9.92921 

9. 79297 

10. 20703 

10. 07079 

10.27782 

IO 

Jl 

72238 

92913 

79326 

20674 

07087 

27761 

9 

52 

72259 

92905 

79354 

20646 

07095 

27741 

8 

53 

72279 

92897 

79382 

20618 

07103 

27721 

7 

54 

72299 

92889 

79410 

20590 

07111 

27701 

6 

55 

72320 

92881 

79438 

20562 

071 19 

27680 

.  S 

56 

72340 

92874 

79466 

20534 

07126 

27660 

4 

57 

72360 

92866 

79494 

20  50  q 

07134 

27640 

3 

58 

72380 

92858 

79523 

20477 

07142 

27619 

2 

59 

72401 

92850 

79551 

20449 

07150 

27599 

I 

60 

72421 

92842 

79579 

20421 

07158 

27579 

O 

Co-line. 

Sine. 

Cp  tang. 

Tangent. 

Co-fecan. 

Secant. 

M. 

5S  Degrees. 

A  Table  of  Artificial  Sine?,  T 'ang.  and  Sec.  32  Degree*. 


M. 

|  Sine. 

1  Co-fine. 

Tana. 

Co  ung. 

Secant. 

jCofccan . 

;  O 

9- 72 421 

I  9.  92842 

9-  795:9 

IO. 2042 I 

10.  07  1  s? 

10.27579 

6: 

X 

7244' 

92834 

79607 

20393 

07166 

47559 

55 

2 

72+61 

92826 

79635 

20365 

07174 

47539 

58 

:  3 

72482 

92818 

79663 

49337 

07182 

27518 

57 

4 

72502 

92810 

79691 

20309 

07190 

27498 

5' 

5 

72J22 

92802 

79719 

2028 1 

07197 

4747* 

55 

6 

72542 

92795 

79747 

202C2 

07205 

47458 

54 

7 

72562 

9278: 

79775 

20224 

07213 

27438 

53 

8 

72582 

92779 

79*0+ 

20196 

07221 

27418 

54 

Q 

72602 

02770 

798;2 

20168 

07229 

47398 

< 

10 

9.  72622 

9.92763 

9.  79860 

10. 20149 

10.07237 

«o. 47377 

50 

11 

72643 

92755 

79888 

201  I  2 

07245 

47357 

49 

1 2 

72663 

92747 

79916 

20084 

07453 

27337 

48 

'3 

72683 

92/39 

79944 

20056 

07261 

47317 

47 

14 

72703 

92731 

79972 

20028 

07269 

27297 

46 

>5 

72723 

92723 

80000 

20003 

0/477 

27277 

45 

l6 

72743 

92715 

80028 

19972 

07485 

27257 

44 

'7 

72763 

92707 

80056 

19944 

07493 

47437 

43 

i3 

72783 

92699 

80084 

19916 

07301 

27217 

44 

10 

72803 

9269 1 

80112 

19883 

07309 

27197 

41 

20 

9. 72823 

9  •  <y  2  68  3 

9.  80140 

10. 19860 

10.07317 

10.27177 

40 

2  1 

72843 

92675 

80167 

19832 

07325 

27157 

39 

22 

72863 

92667 

80195 

19804 

07333 

47137 

33 

23 

72882 

92659 

80223 

19777 

07341 

27117 

37 

24 

72902 

92651 

80251 

19749 

07349 

27098 

36 

25 

72922 

92643 

80279 

19741 

07357 

27078 

35 

26 

72942 

92635 

80307 

19693 

07365 

2705* 

34 

27 

72962 

92627 

80335 

19665 

07373 

47038 

33 

28 

72982 

92619 

80363 

19637 

0738! 

27018 

3* 

2<J 

7*002 

92611 

80391 

19609 

07389 

26998 

31 

30 

9-  73022 

9-92603 

9.  S041 9 

10. 19581 

10.07397 

10. 26978 

30 

31 

7304' 

9259S 

80447 

19553 

07405 

26958 

49 

32 

73061 

925S6 

8*474 

19545 

07413 

26938 

28 

33 

73081 

92579 

80502 

19498 

07421 

46919 

47 

34 

73!  =  i 

92571 

80530 

19470 

07449 

26899 

26 

35 

73121 

92563 

80558  - 

19442 

07437 

26879 

25 

35 

73840 

92554 

8058 1 

19414 

07405 

26859 

24 

37 

73160 

92546 

80614 

1 9386 

07453 

26840 

43 

•  3* 

73180 

92538 

80641 

193s* 

07462 

36820 

22 

39 

73200 

02*30 

80669 

19331 

07470 

26800 

21 

43 

9. 73219 

9.92522 

9.  80697 

IO. 19303 

10. 07478 

10. 26781 

20 

4 1 

73=39 

92514 

80725 

1947s 

07486 

26761 

19 

42 

',3259 

92506 

80753 

19247 

0/494 

26741 

18 

43 

73278 

92498 

80780 

19219 

07502 

26722 

17 

44 

73298 

92490 

80808 

15194 

07510 

26702 

l6 

733i8 

92482 

80836 

19164 

0751S 

26682 

'5 

46 

73337 

92473 

80864 

19136 

07526 

26663 

14 

47 

73357 

92465 

80892 

19108 

07535 

26643 

13 

48 

73376 

92457 

809 1 9 

19081 

07543 

26623 

12 

d.0 

73  596 

92449 

80947 

19053 

07551 

26604 

I  I 

S3 

9. 73416 

9.92441 

9.  80975 

ic. i 9025 

10.  07559 

:o. 26584 

10 

5  1 

73435 

92433 

Si  002 

18997 

07567 

26565 

9 

52 

73455 

92425 

81030 

18970 

07575 

26545 

8 

53 

7547  4 

92416 

81058 

18942 

07584 

26526 

7 

>  4 

73494 

92408 

810S6 

18914 

07592 

26506 

6 

5  > 

73  515 

92400 

81113 

18887 

07600 

26486 

S 

56 

73533 

92392 

81141 

18859 

07608 

46467 

4 

57 

73552 

92384 

8  1 169 

18831 

07616 

46447 

3 

5* 

73572 

9237s 

81196 

18804 

07624 

26428 

2 

$Q 

75591 

52367 

81324 

i*'7S 

07633 

26409 

I 

6.-1 

7261 1 

523  '9 

8  1222 

18748 

07641 

26389 

O 

Co  in.*'.  1 

dluc . 

Co- tang. 

Tanper.t. 

Co  fecan. 

Secant. 

M. 

■"/  Degrees. 


A  Table  of  Artificial  S'ines,  Tang,  and  Sec.  33  Degrees. 


M. 

Sine. 

Co-fine. 

1  ang. 

Co-Mm-;. 

Secant. 

Co-fecan. 

O 

9. 73611 

9. 92359 

9.81252 

10. 1 »  7  48 

10. 07040 

10. 26389 

Cu 

I 

73630 

92351 

81279 

18721 

07649 

263  70 

59 

2 

73650 

92343 

81307 

18693 

07657 

26350 

5* 

3 

73669 

92334 

81336 

13665 

07665 

26331 

57 

> 

73689 

Q2326 

81362 

18638 

07674 

263  1 1 

56 

73708 

92318 

81390 

18610 

07682 

26292 

55 

6 

73727 

92310 

814:7 

18582 

07^90 

26273 

54 

7 

73747 

92302 

81445 

18555 

07698 

26253 

53 

8 

73766 

92293 

81473 

18527 

07707 

26234 

52 

9 

73785 

92285 

8  1 500 

1  8  500 

07715 

26214 

51 

10 

9. 73805 

9.92277 

9. 81 528 

10. 18472 

10.0/725 

10. 26195 

5° 

1 1 

73824 

92269 

81555 

18444 

07731 

26176 

49 

12 

73843 

92260 

8  1582 

18417 

07740 

26157 

48 

13 

73863 

92252 

8 1 61 1 

18389 

07748 

26137 

47 

*4 

73882 

92244 

81638 

18362 

07756 

261 18 

46 

1  s 

73901 

92235 

81666 

18334 

07764 

26099 

45 

16 

73920 

9222  J 

81693 

18307 

°7  773 

26079 

44 

*7 

73940 

922  19 

8  1  721 

18279 

07781 

26060 

43 

18 

73959 

9221  I 

8 1 748 

18252 

07789 

26041 

42 

D 

73978 

Q2202 

81776 

18224 

07798 

26022 

41 

20 

9-  73997 

9. 92194 

9. 81803 

10. 18 196 

10.  07806 

10. 26002 

4° 

21 

74017 

92186 

81831 

18169 

07814 

259*3 

39 

22 

74036 

92x77 

81858 

18  141 

07823 

25964 

38 

23 

74055 

92169 

81886 

18114 

07831 

25945 

37 

24 

74074 

92161 

81913 

18086 

07839 

25926 

36 

25 

74093 

92152 

81941 

I8O59 

07848 

25907 

35 

26 

74U2 

92144 

81968 

18032 

07856 

25887 

34 

27 

74132 

92136 

8  1996 

18004 

07864 

25868 

33 

28 

74151 

92127 

82023 

>  7977 

07878 

25849 

32 

29 

74170 

021 19 

82051 

1  7949 

07881 

25830 

31 

30 

9. 74189 

9. 921  I  I 

9. 82078 

10. 1 7922 

10. 07889 

io. 25811 

S'? 

3  * 

742o8 

92102 

82 109 

17894 

07878 

25792 

29 

32 

74227 

92094 

82133 

17867 

07906 

25773 

28 

33 

74246 

92085 

82161 

17839 

°79!4 

25754 

27 

34 

74265 

92077 

82188 

17812 

07923 

25735 

26 

35 

74284 

92069 

8221 5 

17784 

07931 

25716 

25 

36 

74303 

92060 

82243 

17757 

07940 

25697 

24 

37 

74322 

92052 

82270 

82298 

17730 

07948 

25678 

23 

38 

74341 

92044 

17702 

07956 

25659 

22 

39 

74360 

92335 

82325 

17675 

07965 

25640 

2  I 

40 

9* 74379 

9-9-027 

9.82352 

10. 17648 

10.07973 

10,  25621 

20 

4* 

74398 

92018 

82380 

17620 

07982 

25602 

19 

42 

74417 

92010 

82407 

1  7593 

07993 

25583 

18 

43 

74436 

92001 

82434 

17565 

07998 

25564 

17 

44 

74455 

91993 

82462 

17538 

08007 

25545 

16 

45 

74475 

91985 

82489 

17511 

080 1 5 

25526 

15 

46 

74-194 

91476 

82527 

17483 

08024 

25507 

M 

47 

74512 

91968 

82544 

17456 

08032 

25488 

13 

48 

74532 

9  1 959 

82571 

17429 

08041 

25469 

12 

49 

74549 

91951 

82599 

17401 

08049 

25451 

I  I 

5° 

9. 74568 

9.91942 

9. 82620 

io.  17374 

10. 08058 

IO.‘25432 

10 

Si 

74587 

9'934 

82653 

1  7347 

08066 

2S4I3 

9 

52 

74606 

91925 

82680 

17319 

080  7  5 

25394 

8 

53 

74625 

91117 

82708 

I  7292 

08083 

25375 

7 

74644 

91008 

82735 

17265 

08091 

25356 

6 

55 

74662 

91900 

82762  • 

17238 

08100 

25338 

5 

56 

\  74681 

91891 

8Z790 

I72IO 

08108 

25319 

4 

57 

/  7473° 

9x883 

828  x  7 

17183  ; 

08117 

25300 

3 

58 

74719 

91874 

82844 

17156 

081*5 

2528 1 

2 

59 

74737 

91866 

82871 

17128 

08134 

25263 

X 

60 

74756. 

91857 

82899 

17101 

08143 

25244 

c  1 

~i 

Co-Si  oe. 

iinev 

Co  tang, 

T  angent. 

Co-fecan. 

Secant. 

M.  I 

56  Degrees. 


A  Tabic  of  Artificial  Sines,  Tang;,  and  See.  31  Decree*. 


M. 

1  Sine. 

1  Co  lino. 

Tane. 

I  L  f -or/,. 

1  Si  c nit. 

[Cu  lcC-  M  . 

— 

O 

9-  ’,  47  5« 

9.91857 

9-8+899 

17101 

10.08143 

10.  2U-;i 

Orj 

I 

74775 

91849 

82926 

*7074 

08151 

25225 

59 

2 

7479  4 

9 1 840 

82953 

17047 

08 1 60 

25206 

58 

3 

74812 

91832 

82980 

17019 

q8  : 68 

1  5 18  3 

4 

74831 

•  91823 

83008 

16992 

08177 

25169 

59 

5 

74850 

91815 

83035 

U965 

08185 

25150 

55 

6 

•  74«63 

91806 

83064 

16938 

08194 

25132 

54 

7 

7488  ; 

91798 

83089 

1691 1 

08202 

25113 

52 

8 

74906 

91789 

8-3116 

163+3 

0821 1 

25094 

52 

9 

74024 

91780 

83144 

1  68;  6 

08219 

2  5076 

u 

1  o 

9- 74943 

9.91772 

9-83171 

10. 10829 

10. 08228 

10.25057 

50 

I  I 

74961 

91763 

83198 

16802 

=8237 

25038 

49 

12 

7498o 

91755 

8322s 

16/75 

0S245 

2  5020 

48 

>3 

74999 

91746 

83252 

16747 

08254 

25001 

47 

*4 

75017 

91738 

83279 

16720 

08262 

24983 

4-6 

•S 

75036 

9'  /29 

83307 

16693 

08271 

249*4 

45 

1 6 

7  5'J54 

91720 

83334 

1 6666 

08280 

2494* 

44 

•  7 

75  =  73 

91712 

8  ’361 

1 6639 

08288 

24927 

43 

18 

75091 

91703 

83388 

16612 

08297 

24909 

42 

19 

75110 

91604 

8  ,-  +  i  5 

16-85 

08305 

24890 

41 

20 

9. 75128 

9.  91 686 

9-  83442 

10. 16557 

10. 08314 

;o.  24872 

40 

21 

75147 

9'677 

83470 

16530 

08323 

24853 

39 

22 

75'65 

91668 

83497 

+6503 

08331 

24835 

38 

23 

55184 

91660 

83524 

1 6476 

08340 

24816 

37 

24 

75202 

91651 

*35  5  ' 

16449 

08349 

24798 

36 

2J 

75221 

91643 

83578 

16422 

0*357 

24779 

35 

26 

75239 

91634 

83605 

16394 

08366 

24761 

34 

27 

75258 

91625 

83632 

16368 

08375 

24742 

33 

28 

75276 

9161  7 

83659 

16341 

08383 

24724 

32 

29 

75294 

91608 

83686 

16314 

08392 

24706 

3 1 

3° 

9- 753'3 

9.91599 

9-83713 

10. 1 6287 

10. 08411 

10. 2468; 

30 

3t 

75331 

51591 

83740 

16259 

08409 

24669 

2y 

32 

7  5349 

91582 

83/67 

16232 

08418 

24650 

28 

33 

7  >368 

91573 

83795 

16205 

08427 

24632 

27 

3+ 

75386 

91565 

83822 

16178 

08435 

24614 

26 

35 

75405 

91556 

83840 

16151 

08444 

24595 

25 

36 

75423 

91547 

83876 

16124 

08453 

24577 

24 

37 

754+1 

91538 

83903 

16097 

08461 

24559 

23 

38 

75459 

91532 

83930 

16070 

08470 

24540 

22 

39 

75478 

91521 

83Q5" 

16043 

08479 

24522 

2  1 

40 

9.  75496 

9-9‘5i2 

9.83984 

10. 16016 

10. 08488 

10.24504 

20 

41 

755  H 

91503 

8401 1 

15989 

08496 

24486 

19 

42 

75533 

91495 

84038 

15962 

08505 

244^7 

18 

43 

7555  1 

91486 

84065 

15935 

08514 

24449 

17 

44 

75569 

91477 

84C92 

15908 

08523 

24431 

l6 

45 

7558  7 

91468 

84119 

15881 

08531 

24413 

is 

46 

75605 

91769 

84146 

15854 

08540 

24395 

14 

47 

75624 

91451 

84173 

15827 

08549 

24379 

13 

48 

75642 

91442 

84200 

15800 

08558 

24358 

12 

49 

75660 

91433 

84227 

15773 

08567 

24340 

1  I 

5° 

9- 75678 

9-9142S 

9.  84254 

10. 15746 

10.08575 

IO. 24322 

10 

5i 

75696 

91416 

84280 

15719 

08584 

24304 

9 

52 

75714 

91407 

843=7 

15693 

08593 

24286 

8 

53 

75732 

91398 

84334 

15666 

08602 

24267 

7 

54 

75  7  5  1 

91389 

84361 

15639 

0861 1 

24249 

6 

55 

75769 

91381 

84388 

1 5612 

08619 

24231  | 

5 

5<> 

7  578/ 

91372 

84415 

15585 

08628 

24213 

4 

57 

75805 

91363 

84442 

15558 

08637 

24195 

3 

5* 

75823 

91354 

84469 

15531 

08646 

24177 

2 

59 

75841 

91345 

84496 

15504 

08655 

24159 

X 

60 

75859 

71336 

84523 

15477 

08664 

24141 

0 

Co-line. 

Sine. 

Cj-ang. 

Tangent. 

Co -fee  an. 

Secant. 

M. 

£5  Degrees. 

A  Table  of  Artificial  Sines,  Tang,  and  Sec.  3 3  iDc^re^s. 


M.  ,  f  Sine. 

Co-fine. 

Tans;. 

Co-tang. 

Secant. 

Co-i'ecan. 

0 

1 

2 

3 

4 
i 

6 

7 

8 

* 

9.75859 
7587  7 
75895 
759*3 
7593 1 
75949 
75967 
75985 
76003 
76021 

9.91336 

9:328 

91319 

91313 

9:30: 

9:292 

9:283 

9:274 

9:265 

9:257 

9.84523 

84550 

845:6 

84603 

84630 

84657 

8  4684 
847U 
84738 
84764 

:o. 15477 
*545° 
*54*4 
*5397 
*5373 
*5343 
15316 
15289 
15262 

*5236 

to. 08664 

08672 

08681 

08690 

08699 

08708 

08717 

08726 

08734 

08743 

10. 24 14 I 

24123 

24105 
2+087 
24069 
2+9?! 
2  4033 
24015 
23997 
2  39  79 

6c 

59 

58 

57 

56 

55 

54 

53 

52 

5i 

50 

49 

48 

47 

46 

45 

44 

43 

42 

4* 

40 

39 

38 

37 

36 

35 

34 

33 

32 

3  1 

10 

1 1 

12 

13 
*4 
>5 
16 
I? 
18 

*9 

9. 76039 
76057 
76075 
76093 
7611 1 
76128 
76146 
761 64 
76182 
76200 

9. 9:248 
9:239 
9:230 
9122 : 
912:2 
9:203 

9**94 

9**85 

91:76 

91:67 

9.8479: 

848:8 

84845 

84872 

84898 

84925 

84952 

*4979 

85006 

85032 

10. 15209 
15182 

*5*55 

*5128 

1510I 

15075 

15048 

1 5021 

*4994 

14967 

Io. 08752 
08761 
08770 
08779 
08788 
08797 
08806 
0881 5 
08824 
08833 

10. 23961 
23943 
23925 
23907 
23886 
23871 
23854 
23836 
23818 
23800 

20 

21 

22 

23 

24 

25 

26 

27 

28 
29 

9. 76218 
76236 

76253 

76271 

76289 

76307 

76324 

76342 

76360 

76378 

9.9:158 

9**49 
9:  :4o 

9**3* 

9**23 

9***4 

9**05 

91096 

91087 

9:078 

9.85059 

85086 

85:13 

85140 

85:66 

*5*93 

85220 

85247 

*5*73 

8  5300 

9.85327 

*53  53 
85380 
85407 
85434 
85460 
85487 
85514 
85540 
85567 

10. 14941 
14914 
14887 
14860 

*4834 

14807 

*4780 

*4753 

I4727 

14700 

10.08842 
088  ;o 
08859 
08868 
08877 
08886 
08895 
08904 
089:3 
08922 

10.  23782 
23764 
23747 
23729 
23711 
23693 
23675 

23658 

23640 

23622 

30 

3* 

32 

33 

34 

35 

36 

37 

38 

39 

906395 

76413 

7643* 

76448 

76466 

76485 

76501 

76519 

76537 

76554 

9. 9:069 
9:060 
9:05: 
91042 
9:032 

9*023 

9:014 

9:005 

90996 

90987 

10. 14673 
14646 
14620 

*4593 

14566 

14540 

*45*3 

14486 

14460 

*4433 

10. 08931 
08940 
08949 
08958 
08967 
08976 
08987 
08995 
O9OO4 
09013 

10.  23605 
235*7 
23569 
23551 
23534 
23516 
2349* 
23481 

23463 

23446 

30 

29 

28 

27 

26 

25 

24 

23 

22 

21 

40 

4> 

42 

43 

44 

45 

46 

47 
.  48 

49 

9-  76572 
76590 
76607 
76625 
76642 
76660 
76677 
76695 
76762 
76730 

9.90978 

90969 

90960 

90951 

90942 

90933 

90924 

909:5 

90905 

90896 

9.85594 

85620 

85647 

85674 

85700 

85727 

*5754 

85780 

85807 

85834 

10. 14406 
14380 

*4353 

*4326 

14300 

*4273 

14246 

14220 

14193 

14166 

io. 09022 
09031 
09040 
09049 
09058 
09067 
09076 
09085 
09094 
09094 

to.  23428 
23410 

23393 

23375 

23358 

23340 

23323 

23305 

23288 

23270 

20 

!i 

*7 

16 

*5 

*4 

13 

12 

: : 

50 

51 

52 

53 

54 

55 

56 

57 

58 

59 
to 

9. 76747 
76765 
76782 
76800 

76817 

76835 

76852 

76870 

76887 

76904 

76922 

9.90887 

90878 

90869 

90860 

9085: 

90842 

90832 

90823 

908:4 

90805 

90797 

9.85860 

85887 

859*3 

85940 

85967 

85993 

86020 

86046 

86073 

86099 

86126 

10. 14140 
14113 
14087 
I4060 
14<>33 
14006 
13980 

*3954 

13927 

13900 

*38?4 

10. 09113 
09122 
09:31 
09140 
09:49 
09I58 
09 168 
09177 
09186 
09:94 
09204 

10. 23252 

23235 

23218 

23200 

23183 

23:66 

23148 

23:30 

23113 

23095 

23078 

10 

9 

8 

7 

6 

5 

4 

3 

2 

1 

os 

Co-fine. 

Sine. 

Co-tang. 

Tangent. 

3o-fecan. 

Secant. 

"3vl" 

t  P  ]  M  P^eei. 


A  Table  of  Artificial  Sines,  Tang,  and  Sec.  36  Degrees. 


|  M. 

Sine.  | 

Co-fire. 

Tangen. 

Co-tang.  ’ 

Secant. 

Co-fecan. 

O 

9- 76922 

9.90796 

9.86126 

10. 13874 

10. 09204 

10. 23078 

60 

I 

76939 

90787 

86153 

13847 

09213 

23061 

59 

2 

76957 

90777 

86179 

13821 

09223 

23043 

58 

3 

76974 

90768 

86206 

13  794 

09232 

23026 

57 

4 

76991 

9°759 

86232 

13768 

09241 

23009 

56 

s 

77009 

90750 

86259 

13741 

09240 

2299  I 

55 

6 

77026 

90741 

86285 

137‘5 

09259 

22974 

54 

7 

77°43 

9°73i 

86312 

13688 

09269 

22957 

S3 

8 

77061 

90722 

86338 

13661 

09278 

09287 

22939 

52 

9 

77078 

90713 

86365 

13635 

22Q22 

51 

IO 

9. 77095 

9. 9O7O4 
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80671 

88520 

92150 

07850 

1*479 

*9329 

9 

52 

80686 

88510 

92176 

07824 

I  1490 

19314 

8 

53 

80701 

88499 

92202 

07798 

11501 

19299 

7 

54 

80716 

88489 

92227 

07773 

1x511 

19284 

6 

55 

80731 

88478 

92253 

07747 

11522 

19269 

5 

56 

80746 

88468 

92279 

07721 

11132 

19*53 

4 

57 

80761 

88457 

92304 

07696 

11 543 

19238 

3 

58 

80777 

88447 

92330 

07670 

«*S  53 

*9*23 

2 

59 

80792 

88436 

92356 

07644 

11564 

(9108 

1 

60 

80806 

88425 

92381 

07620^ 

1  *575 

1919S 

0 

Co-line . 

Sine. 

Co-tang. 

Tangent. 

Co-fecan. 

Secant. 

M. 

50  De 

grees. 

A  Taldc  of  Artificial  Sines,  Tang,  and  Sec.  4.0  Degree*. 


Sine.  j 

Co  fine. 

i an  en. 

Co-tang. 

Secant. 

Co-feca.i. 

[  0 

9.  80807 

9.88425 

9.92331 

10.07619 

*0. 11574 

. 19193 

60 

I 

80822 

8841  5 

92407 

07593 

11585 

19178 

59 

2 

80837 

88404 

92433 

0756' 

*1596 

19163 

58 

3 

80852 

88394 

924S8 

j  07542 

1 1 606 

19148 

57 

4 

80867 

88383 

9248-i h 

07516 

11617 

>9*33 

56 

5 

80882 

88372 

9*5*8 

07490 

1 1628 

19118 

55 

6 

80897 

88362 

92535 

07465 

1 1638 

19103 

54 

-  7 

80912 

88351 

92561 

07439 

11649 

19088 

53 

s 

80927 

88340 

92586 

074*3 

1 1660 

19073 

5* 

9 

80942 

88330 

92612 

07388 

11670 

1905S 

51 

IO 

9.80957 

9. 88319 

9. 92638 

10.07362 

10. II08I 

10. 19041 

50 

1  I 

80972 

88308 

92663 

<=7337 

1 1692 

19028 

49 

12 

80987 

88298 

92689 

°73** 

I  I  702 

19013 

48 

*  3 

81002 

88287 

92715 

07285 

**7*3 

18998 

47 

«4 

81017 

88276 

92740 

07260 

11724 

18983 

46 

1 5 

81032 

88266 

92766 

07234 

**734 

18968 

45 

l6 

8 1046 

88255 

92791 

07208 

1*745 

18953 

44 

17 

8 1061 

■  88244 

92817 

07183 

*1756 

18939 

43 

18 

8 1076 

88234 

92843 

07*57 

11766 

18924 

4* 

*9 

8 109 1 

88223 

92868 

07132 

**777 

18909 

41 

20 

9.  81 106 

9.  88212 

Q.  Q2iq& 

10.07106 

10.  1 1 788 

10.  18894 

40 

21 

81121 

88201 

92920 

07080 

**799 

18879 

39 

22 

81136 

88191 

92945 

07055 

11809 

18864 

38 

23 

81151 

88180 

92971 

07029 

11820 

18849 

37 

24 

81165 

88169 

92996 

O7OO4 

1 1831 

18834 

36 

25 

8 1 180 

88158 

95022 

069  78 

11842 

18819 

35 

26 

81195 

88148 

93^47 

06952 

11852 

18805 

34 

27 

81210 

88137 

93<>73 

06927 

11863 

18790 

.33 

28 

81225 

88126 

93099 

06901 

11874 

18/75 

3* 

29 

81240 

88115 

93*24 

06876 

11885 

18760 

31 

30 

9.81254 

9. 88105 

9.93150 

io.  06850 

10.  11895 

10.  18745 

30 

31 

81269 

88094 

93*75 

06824 

11906 

18731 

*9 

32 

81284 

88083 

9J20X 

06799 

119*7 

18716 

28 

33 

81299 

88072 

93227 

06773 

11928 

18701 

*7 

34 

8*3*3 

88061 

93252 

06748 

11939 

18686 

26 

35 

81328 

88050 

93278 

06722 

1*949 

18671 

25 

36 

8*343 

88040 

93303 

06697 

11960 

18657 

24 

37 

81358 

88029 

93329 

06671 

”971 

18642 

23 

38 

81372 

88018 

93354 

06645 

1 1982 

18627 

22 

39 

81387 

88007 

9338o 

06620 

11993 

18613 

21 

40 

9.  81402 

9.87996 

9.  93406 

10. 06594 

10. 12004 

io. 18598 

20 

41 

81417 

87985 

9343* 

06569 

120  14 

18583 

19 

4* 

81431 

87975 

93457 

06543 

12025 

18569 

18 

43 

81446 

87964 

93482 

065 18 

12036 

18554 

17 

44 

81461 

87953 

93508 

06492 

12047 

*8539 

16 

45 

81475 

87942 

93533 

06467 

12058 

18525 

15 

46 

'  81490 

8793* 

93559 

06441 

12069 

18510 

14 

47 

81505 

87920 

93584 

06416 

12080 

18495 

13 

48 

81519 

87909 

93610 

06390 

I  2091 

1848 1 

12 

49 

*>534 

87898 

93*35 

06364 

I  2  1 02 

18466 

I  I 

50 

9.81549 

9.  87887 

9. 93661 

10.06339 

10. 121 12 

10.  18451 

IO 

51 

81563 

87877 

93687 

06313 

/2I23 

18437 

9 

52 

81578 

87866 

937*2 

06288 

'*134 

18422 

8 

53 

81592 

87855 

93738 

06262 

11145 

18408 

** 

4 

54 

81607 

87844 

937*3 

06237 

12156 

*8393 

6 

55 

81621 

87*33 

93789 

0621 1 

12167 

18378 

5 

56 

81636 

87822 

938*4 

06186 

12178 

18364 

4 

57 

81651 

87811 

93840 

06160 

12189 

18349 

3 

53 

81665 

87800 

93865 

06135 

12200 

'8335 

2 

59 

81680 

87789 

9389* 

06109 

1221  I 

18320 

I 

60 

81694 

8  7778 

939*6 

06084 

I  2222 

18306 

0 

Co-fir, e. 

Sine. 

Co-tang. 

TangenC. 

Co-fecan. 

Secant. 

IM. 

4Q  Degrees. 

A  Table  of  Artificial  Sines,  Tang,  and  Sec.  41  Degrees. 


M. 

Sine. 

Co-fine.  | 

Tang. 

Co-tang. 

Secant.  |Co-fecan. 

O 

9. 8:694 

9.87778 

9.93916 

10.  060 114 

10. 12222 

10. 18305 

00 

X 

81709 

87767 

93942 

06058 

12233 

18291 

59 

!  2 

81723 

87756 

93997 

06033 

X2244 

18277 

5« 

[  3 

8:738 

8/745 

93993 

06007 

12255 

18262 

57 

4 

81752 

8  7  734 

94018 

05982 

12266 

18248 

56 

5 

81767 

87723 

9404  4 

05956 

12277 

18233 

55 

6 

8178: 

87712 

94069 

05931 

12288 

18219' 

54 

7 

8:796 

87701 

94095 

05905 

12299 

18204 

53 

8 

81810 

8  7690 

94120 

05830 

I23IO 

18190 

5* 

9 

81821; 

87670 

94146 

P58?4 

12321 

1817s 

51 

10 

9.81839 

9.  87668 

9.  94171 

lo.  05829 

10. .12332 

0  18161 

5° 

I  X 

81854 

87657 

94197 

05803 

12343 

18146 

49 

12 

81868 

87646 

9422  2 

05778 

12354 

18132 

48 

*3 

81882 

87634 

94248 

05752 

12365 

18117 

47 

14 

81897 

87624 

94*73 

0  572  7 

12376 

18103 

46: 

1 5 

'  81911 

87612 

94299 

05701 

1*387 

1 8089 

45 

16 

8 1926 

87601' 

943*4‘ 

05676 

12399 

18074. 

44. 

>?: 

81.940 

87590 

94350 

05650 

12410 

18060 

43' 

l8 

81954 

87579 

94375 

05625 

12421 

18045 

4*' 

19 

81969 

87568 

94401 

0  5599 

12432 

18.031 

41 

20 

9.81983 

9-  87557 

9.94426 

10.05574 

10. 12443 

10. 18017 

40 

21 

81998 

87546 

94452 

05548 

12454 

18002 

39 

22 

82012 

87535 

94477 

05523 

12465 

1 7988 

38. 

23 

82026 

87524 

94503 

05497 

12476 

17974 

37 

24 

82041 

87513 

94528 

0547* 

12487 

1  79  59 

36 

25 

82055 

87501 

94553 

05446 

12499 

17945 

3S 

26 

82069 

87490 

94579 

05421 

125x0 

17931 

34- 

27 

82084 

87479 

94604 

05395 

12521 

1 7916 

33 

28 

82098 

87468 

94630 

05370 

12532 

17902 

32 

29 

82112 

87457 

94655 

05345 

12543 

17888 

3i 

30 

9.82120 

9. 87446 

9.  94681 

10.05319 

10. 12554 

10. 17873 

3° 

3 1 

82141 

87434 

94706 

05294 

12566 

17859 

29 

32 

82155 

87423 

9473* 

05268 

12577 

17845 

28 

33 

82169 

87412 

94757 

05243 

12588 

17831 

27 

34 

82183 

87401 

94783 

05217 

1*599 

17816 

26 

35 

82198 

87390 

94808 

05192 

12610 

1 7802 

*5 

36 

82212 

87378 

94833 

05166 

12622 

17788 

*4 

37 

82226 

87367 

94859 

05141 

12632 

1  7  7  74 

23 

38 

82240 

87356 

94884 

05116 

12644 

17760 

22 

39 

82255 

87345 

94910 

O5O9O 

12635 

17745 

21 

40 

9. 82269 

9-87333 

9-94935 

lo. 05065 

10. 12606 

10. 17731 

20 

41 

82283 

87322 

94961 

05039 

12678 

17717 

19 

42 

82297 

87311 

Q4Q86 

I  05014 

12689 

17703 

18 

43 

82311 

87300 

95012 

04988 

X2700 

17689 

17 

44 

82325 

87288 

95037 

04963 

12711 

17674 

l6 

45 

82340 

87277 

95062 

04937 

12723 

1 7660 

IS 

46 

8*353 

87266 

95088 

049X2 

1*734 

17646 

14 

47 

82368 

87255 

95H3 

04887 

1*745 

17632 

13 

48 

82382 

87243 

95J39 

04861 

12757 

17618 

12 

49 

82396 

87232 

95164 

04836 

12768 

17604 

1 1 

5° 

9. 82410 

9. 87221 

9.95190 

10. 04810 

10.12779 

10. 17590 

IO 

51 

82424 

87209 

95215 

04785 

X279I 

1  7575 

9 

52 

8*439 

87198 

95*40 

°4759 

12802 

17561 

8 

53 

82453 

87187 

95266 

°4734 

12813 

17547 

7 

54 

82467 

87175 

95291 

04709 

12824 

«7533 

6 

55 

82481 

87164 

95317 

04683 

12836 

17519 

5 

56 

8*495 

87153 

9534* 

04658 

12847 

17505 

4 

57 

82509 

87141 

95367 

04932 

12859 

17491 

3 

58 

82523 

87130 

95393 

04607 

12870 

17477 

2 

59 

8*537 

87119 

95418 

04582 

1288 1 

17463 

I 

60 

82551 

87107 

65444 

04556 

12893 

17446 

O 

Co  fine.  1 

Sine. 

Co  .  g. 

'1  >ent. 

Co-fecap. 

Secant. 

M. 

4b  .Degrees. 


A  Table  of  Artificial  Sines,  Tang.  and  See.  42  Degrees. 


M. 

Sine. 

Co-line. 

Tan". 

Co-tang.  1  secant.  (Co-fecan. 

\T] 

• 

9.8255* 

9.87107 

9-95444 

10.045  56 

10. 12893 

tV. 17449 

OO 

1 

82565 

87096 

95469 

04531 

12904 

*7435 

59 

2 

82579 

87085 

95494 

04505 

12915 

17421 

58 

3 

82593 

87073 

95520 

04480 

I1927 

*74»7 

57 

4 

82607 

8  7062 
87050 

95545 

°4455 

12938 

*  7393 

56 

5 

82621 

9557* 

04429 

12950 

*  7379 

55 

6 

82635 

87039 

9559^ 

04404 

12961 

*<365 

54 

n 

82649 

87028 

95621 

04378 

I29?2 

*  735  * 

53 

8 

82663 

87016 

95647 

"4353 

12984 

*7337 

J* 

9 

82677 

87005 

95672 

04328 

12995 

*7323 

5* 

10 

9.  82691 

9.86993 

9.95698 

10. 04302 

10. 13007 

10. 1 7309 

50 

1 1 

82705 

86982 

95723 

04477 

13018 

1729s 

49 

12 

82719 

86670 

95748 

04231 

13030 

17281 

17267 

48 

•3 

82733 

86959 

95774 

04226 

13041 

47 

14 

82747 

86947 

95799 

C420I 

*3053 

‘7253 

46 

*5 

82761 

86936 

95825 

°4*  7  5 

13064 

17230 

45 

16 

82774 

86924 

95850 

04130 

1307s 

1 7226 

44 

* 7 

82783 

86913 

95875 

04125 

13087 

17212 

43 

18 

82802 

86901 

95901 

04099 

13098 

17198 

42 

TO 

828x6 

86890 

95026 

04074 

13110 

17184 

4* 

20 

9. 82850 

9.  86878 

9.95951 

10. 04048 

10. 13 121 

10. 17170 

40 

2  I 

82844 

86867 

86855 

95977 

04023 

*3*33 

17156 

39 

22 

82858 

96002 

03998 

*3*44 

17142 

38 

23 

82872 

86844 

96028 

03972 

*3*56 

17128 

37 

24 

82885 

86832 

96053 

03947 

13*68 

*7**4 

36 

2  s 

82899 

86821 

96078 

03922 

*3*79 

I  7100 

35 

26 

82913 

8  6809 

96104 

03896 

13190 

17087 

34 

27 

82927 

86798 

96129 

0387* 

13202 

*7073 

33  - 

28 

82941 

86786 

96154 

03845 

*3**4 

17059 

32 

20 

82954 

86775 

96180 

03820 

13225 

*7045 

3* 

3° 

9.82968 

9-86763 

9. 96205 

10.03795 

10. 13237 

IO. 17032 

3° 

3* 

82982 

86751 

96231 

03769 

*3248 

1 7018 

29 

32 

82956 

86740 

96256 

03744 

13260 

x  7004 

28 

33 

83010 

86728 

96281 

037*9 

13272 

16990 

*7 

34 

83023 

86717 

86705 

96307 

03693 

13283 

16962 

26 

35 

83037 

96332 

03668 

*3295 

16949 

25 

36 

83051 

86693 

96357 

03643 

13306 

1693s 

24 

37 

83065 

86682 

96383 

03617 

*33*8 

16922 

23 

38 

83078 

86670 

96408 

03592 

*333<> 

16908 

39 

83092 

86659 

96433 

03566 

*334* 

16908 

21 

40 

9.  83100 

9. 86647 

9.  96459 

10.03*41 

to. 13353 

10. 16894 

20 

4* 

83x19 

86635 

96484 

03516 

13365 

16S80 

*9 

42 

®  3 1 3  3 

86624 

96509 

03490 

*3376 

16867 

18 

43 

83147 

86612 

96535 

03465 

13388 

16853 

*7 

44 

83161 

86600 

96560 

03440 

13400 

16839 

l6 

45 

83*74 

86589 

96585 

03414 

13411 

16826 

*5 

46 

83188 

86576 

96611 

03389 

*342  3 

16812 

*4 

47 

83202 

*6565 

96636 

03364 

*3435 

16798 

*  3 

48 

83215 

86553 

96662 

03338 

13446 

16785 

12 

49 

83229 

86542 

96687 

03313 

*3458 

*6771 

I  I 

5° 

9. 83242 

9.  86536 

9. 96712 

to. 03288 

IO. 134?0 

10. 16757 

10 

5 1 

83256 

86518 

96738 

03262 

13481 

16744 

9 

52 

83270 

86507 

96763 

03237 

*3493 

16730 

8 

53 

83283 

86495 

96788 

03212 

*3535 

16717 

" 

54 

83297 

86483 

968I4 

03186 

*35*7 

16703 

6 

59 

83310 

86472 

96839 

03161 

13528 

16689 

5 

56 

83324 

86460 

96864 

03136 

13540 

16676 

4 

57 

83338 

86448 

96890 

03110 

13552 

16662 

3 

58 

83351 

86436 

96915 

03085 

13564 

16649 

2 

59 

83365 

86424 

96940 

03060 

*3575 

16635 

I 

60 

83378 

864x3 

96966 

03034 

*358’ 

16622 

O 

Co-line. 

Sine. 

Co-tang. 

Tangent. 

Co-fecan. 

Secant. 

M. 

47%rees, 


A  Table  of  Artificial  Sines,  Tang,  and  Sec.  4? 'Degrees. 


M. 

Slue.  j 

Co-line,  j 

rang.  (  Co  ung.  | 

ScOint.  3 

j-fecan.  .  M. 

O 

9.83378 

9- 86413 

9. g6y66 

0.03034 

O 

V/' 

9 

0.  I  6622 

OO 

I 

83392 

86401 

96991 

03009 

*3599 

1 6608 

59 

2 

83405 

86389 

97016 

02984 

13611 

16595 

5* 

3 

83419 

863/7 

9704: 

02958 

13623 

1658  I 

57 

4 

83432 

86366 

97067 

02933 

*3634 

16567 

56 

5 

83446 

86354 

97092 

02908 

13646 

16554 

55 

6 

83459 

86342 

97**8 

02882 

13658 

16540 

54 

7 

83473 

86330 

97H3 

02857 

13670 

16527 

53 

8 

83486 

86318 

971 68 

02832 

13682 

16513 

5* 

9 

83500 

86306 

97 1 93 

02806 

13694 

16500 

5' 

10 

9-83SI3 

9  -86295 

9. 97219 

10. 02781 

0.13705 

0.  16487 

5° 

1 1 

83527 

86283 

97244 

02756 

*37*7 

16473 

49 

12 

83540 

86271 

97269 

02731 

13729 

1 6460 

48 

»3 

83554 

86259 

97295 

02705 

13741 

1 6446 

47 

14 

83567 

86247 

97320 

02680 

*  3  753 

16433 

46 

IS 

83581 

86235 

97345 

02655 

13765 

16419 

45 

l6 

83594 

86223 

973  7 1 

02629 

*  37  7  7 

26406 

44 

17 

33607 

86211 

97396 

02604 

13788 

16392 

43 

18 

83621 

86200 

97421 

02579 

13800 

16379 

44 

>9 

83634 

.  86188 

97447- 

02553 

13812 

16366 

41 

20 

9. 83648 

9. 861 76 

9.97472 

10.02528 

10. 13824 

10. 10352 

40 

21 

83661 

86164 

97497 

02503 

13836 

16339 

39 

22 

83674 

86152 

97523 

02477 

13848 

16325 

38 

23 

83688 

86140 

97548 

02452 

13860 

16312 

37 

24 

83701 

*6128 

97573 

02427 

13872 

16299 

36 

25 

837  *5 

86116 

97598 

024«I 
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To  find  the  Sun’s  Declination  by  the  foregoing  TABLES. 


EACH  Page  of  the  foregoing  Tables  contains  the  Sun’s  Declination  for  the 
Years  that  it  is  mark’d  with  at  the  Top,  and  is  divided  into  thirteen  Co¬ 
ll""",’  x  ^  °u  '™1Ch  r°  the  Left-Haild  ftews  the  Day  of  the  Month,  and 
W.nl  T  lre  M°"^S  0f  the  Year>  fo  that  if  “  bR  required  to  find  the 
-DF-  i10Vcr  3niy  °ayJ  f"PPolV:  for  Example,  on  the  21ft  of  Auguft, 
asrainft  for  diat  ^able  that  has  1775  at  the  Top  of  it,  and  then  right 

the  W«  TV,r  ^  °f  Mo"th>  and  under  Auguft,  I  find  12,  8,  which  Ihews 
at  the  Top oi  the  Column  '*  *  M“,UteS  N°nh  5  aCCOrdi"»  t0  the  Title 

TnLheStl-f  S  Delllnmi0u  in  thefe  TabIes  being  calculated  for  the  Meridian  of 
London,  if  you  Ihould  be  confiderably  to  the  Eaftward,  or  to  the  Wefttvard  of 
Lo"d°!'’  lt.  wfll.eaufe  fome  Alteration  in  it ;  to  oorreft  which,  the 
Table  of  Variation  of  the  Sun’s  Declination  is  to  be  ufed  as  follows  : 

Lo.ok  ?ut  tbe  Declination-  for  the  given  Day  of  the  Month,  and  for  the 
DaUy 'variation ^  fubtraft  the  lcffer  from  the  Skater,  the  Remainder  is  the 

mave<kno«  ?|bfer.Ve-'/hfth®r  tb?  Declination  be  increafing  or  decreaf.ng,  which  vou 
n  ay  know  thus  .  if  the  Declination  for  the  Day  following  the  given  Day'  be 
luggeft  then  it  is  increafing  ;  but  if  it  be  leaft,  it  is  decreafing. 

.«hTrhvd’  th®  Daily  Variation  in  the  firft  Column  of  the  Table,  and  fee 

r{dr|NM  bv,r  lt?ncls,rlSh'  againft  it,  and  under  the  given  Degrees  of  Longitude  ; 
which  Number  is  to  be  ufed  as  follows.  b 

'n6  jCr0f  Dongitude  be  Eafterly,  and  the  Declination  increafing  ic 

r;ifrLftrfedf'°T  dJC  Declination  found  in  the  Tables  for  the  given  Day  ; 
but  if  the  Declination  be  decreafing,  it  muft  be  added.  b  J 

mutt  bea^deri^”)!6  nf  Longitude  be  Wefterly ,  and  the  Declination  increafing,  ic 
Smn  in  nil  Caf^  i  ^  Declination  be  decreafing,  it  muft  be  fubtrafted  ;  the 
Sum  in  one  Cafe,  and  the  Remainder  in  the  other,  will  be  the  Sun’s  Declination 
at  Neon  in  the  Longitude  required,  V  M 


Suppofe  on  September  10, 177;,  a  Ship  in  Longitude  64  Decree?  Weft  of  Lon¬ 
don,  \vhac  is  the  Sun’s  true  Declination  when  on  the  Ship’s  Meridian  ? 

'j  And  becaufe  the  Declination  is 
D.  M.  I  decreafing,  the  Difference  mud  be 
Dec!,  at  London  Sept.  io,  1775,  4  45  N.  fubtrafted  ;  therefore  oppofitc  to 

Ditto  at  London  Sept.  11,  4  22  N.  I  23,  and  under  60  Degrees  of 

. -  ^  Longitude  ftands  4  Minutes, 

2jMiles  j  which  fubtrafted  60m  40  45' 
Daily  Variation  of  Declination.  •  gives  4“  41',  the  Declination  at 

J  the  Ship. 

Again,  fuppofe  in  Longitude  73  Degrees  Eaft,  on  March  20,  1775,  what  is 
the  Sun’s  Declination  ? 

D.  M.  'l  Since  the  Declination  is  increafing,  and  the 

Sun’s  Decl.  March  20,  o  jN.  Longitude  Ealt,  it  mu  ft  te  fubtrafted,  and 

Variation  for  73  Degrees  5  !  the  Remainder  being  nothing,  fhews  that  the 

-  rStin  is  upon  the  Equinoftial  at  the  Ship'* 

o  o  |  Meridian. 

Declination  at  Noon  at  Ship.  J 

In  like  Manner  may  the  Declination  be  fitted  to  any  Meridian  ;  but  it  fome- 
times  happens  that  the  Declination  is  wanted  when  the  Sun  is  not  upon  the 
Meridian  :  in  fuch  Cafes  it  is  heft  to  find  the  Declination  for  the  preceding  and 
following  Noons,  and  take  the  Difference,  and  then  fay  as  24  Hours  is  to  that 
Difference,  fo  is  the  Hours  from  Noon  to  a  Fourth  Number,  which  being  added 
or  fubtrafted,  according  as  the  Declination  is  increafing  or  decreafing,  and  the 
Time  being  in  the  Fore  or  Afternoon,  gives  the  Sun’s  Declination  for  the  given 
Time. 

Suppofe  it  were  required  to  find  the  Sun’s  Declination  on  April  15,  1775, 
at  8  Hours  55  Minutes  in  the  Morning. 

Firft,  I  look  in  the  Tables  for  the  Sun’s  Declination,  April  15,  1775,  and 
find  it  to  be  90  48'  ;  and  then  I  look  for  it  April  14,  and  find  it  to  be  90  26' ; 
the  Daily  Difference  is  22  Minutes  :  Then  I  fay,  as  24  Hours  is  to  22  Minutes, 
fo  is  20H.  55M.  the  Time  elapfed  fince  laft  Noon  ;  to  19  Minutes,  which  added 
to  90  26', becaufe  the  Declination  is  increafing,  gives  90  46'  for  the  Declination 
at  the  given  Time:  but  had  the  Declination  been  decreafing,  the  19  Minnies 
muft  have  been  fubtrafted. 

In  like  Manner  the  Declination  is  found  for  any  Hour  of  the  Day,  and  under 
any  Meridian  ;  for  you  have  nothing  more  to  do,  than  to  reduce  the  Difference 
of  Longitude  into  Time,  and  add  to,  or  fubtraft  it  from  the  given  Time,  ac¬ 
cording  as  the  Longitude  is  Ealt  or  Weft,  and  then  find  the  Declination  as 
above. 


